(19) 



J 



(12) 



EuropSisches Patentamt 
Eur pean Patent Office 
Off ice eur peen des brevets (11) EP 0 945 470 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

29.09.1999 Bulletin 1999/39 

(21) Application number: 99105043.6 

(22) Date of filing: 22.03.1999 



(51) Int. CI. 6 : C08F4/54, C08F 20/12 



(84) Designated Contracting States: 


• Kato, Masaji 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Kuraray Co, Ltd 


MCNLPT SE 


Ibaraki-ken, 305-0841 (JP) 


Designated Extension States: 


• Ono, Tomohiro 


AL LT LV MK RO SI 


Kuraray Co, Ltd 




Ibaraki-ken, 305-0841 (JP) 


(30) Priority: 23.03.1998 JP 9402198 


• Yaginuma, Sachie 


25.05.1998 JP 15994098 


Kuraray Co, Ltd 




Ibaraki-ken, 305-0841 (JP) 


(71) Applicant: KURARAY CO., LTD. 


• Ishiura, Kazushige 


Kurashiki-City (JP) 


Kuraray Co, Ltd 


(72) Inventors: 


Ibaraki-ken, 305-0841 (JP) • 


• Uchiumi, Naohiko 


(74) Representative: 


c/o Kuraray Co, Ltd 


Mulfer-Bore & Partner 


Okayama-ken, 710-0801 (JP) 


Patentanwalte 


• Hamada, Kenichi 


Graf inger Strasse 2 


Kuraray Co, Ltd 


81671 Munchen(DE) 


Ibaraki-ken, 305-0841 (JP) 



o 

en 
o 
O. 

HI 



(54) Preparation process of acrylic acid ester polymer 

(57) Described is a process for the preparation of an 
acrylic acid ester polymer, which comprises carrying out 
polymerization of an acrylic acid ester or block copolym- 
erization of an acrylic acid ester and another 
(meth)acrylic monomer in the presence of an organo- 
lithium compound and an organoaluminum compound 
represented by the following formula: 

AIR 1 R 2 R 3 

wherein R' represents an alky! group having at least 3 
carbon atoms, an alkoxy group having at least 3 carbon 
atoms or an aryloxy group, R 2 and R 3 each independ- 
ently represents an aryloxy group or may be coupled 
together to form an arylenedioxy group, which process 
makes it possible to heighten the reaction rate and living 
properties upon polymerization and heighten the block 
formation efficiency upon block copolymerization. 
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Description 

[0001] The present invention relates to a preparation process of acrylic acid ester polymers. More specifically, the 
present invention pertains to a preparation process of acrylic acid ester polymers including acrylic acid ester homopol- 
5 ymers and block copolymers having at least one polymer block comprising an acrylic acid ester. 

[0002] On the anionic polymerization of an acrylic acid ester, the following reports (1) and (2) have been made. 

(1) An acrylic acid ester homopolymer is available by the solution polymerization of an acrylic acid ester under low- 
temperature conditions of -78°C or so in a mixed solvent of toluene and tetrahydrofuran by using an organolithium 

w compound as a polymerization initiator and lithium 2-(2-methoxyethoxy)ethoxide as an additive. A block copolymer 
having an acrylic acid ester polymer block and a methyl methacrylate polymer block is available by successively 
carrying out polymerization of an acrylic acid ester and polymerization of methyl methacrylate under the polymeri- 
zation conditions similar to the above. (See Macromolecules, 27, 4890-4895(1994); Macromolecules, 27, 4908- 
4913(1994); Journal of Polymer Science: Part A: Polymer Chemistry, 35, 361-369(1997), et al.) 

15 (2) An acrylic acid ester homopolymer is available by the solution polymerization of an acrylic acid ester in toluene 
under temperature conditions of -60"C or -78°C by using t-butyl lithium as a polymerization initiator and methyl- 
bis(2,6-di-t-butylphenoxy)aluminum or ethylbis(2,6-di-t-butylphenoxy)aluminum as an additive. A block copolymer 
having an acrylic acid ester polymer block and a methacrylic acid ester polymer block is available by successively 
or simultaneously carrying out polymerization of an acrylic acid ester and polymerization of a methacrylic acid ester 

20 under the polymerization conditions similar to the above. (See Polymer Preprints, Japan, 46(7), 1081 -1082(1977) 
and ibid, 47(2), 179(1998)) 

Anionic polymerization processes which, however, do not relate to an acrylic acid ester but a methacrylic acid 
ester have been reported as described below in (3) to (6). 

(3) Poly(methyl methacrylate) having at least 80% of syndiotacticity is formed by the solution polymerization of 
25 methyl methacrylate in toluene by using t-butyl lithium as a polymerization initiator and a trialkyl aluminum as an 

additive. (See Makromol. Chem., Supplement, 15, 167-185(1989)). 

(4) Poly(methyl methacrylate) having syndiotacticity of about 70% is formed by the solution polymerization of 
methyl methacrylate in toluene in the presence of diisobutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum by using t- 
butyl lithium as a polymerization initiator. (See Macromolecules, 25, 5907-5913(1992)) 

30 (5) A methacrylic acid ester polymer having a narrow molecular weight distribution is formed by polymerizing a 
methacrylic acid ester at a temperature range of from -20°C to +60°C by using an organic alkali metal compound 
such as t-butyl lithium as an initiator and a specific organoaluminum compound having at least one bulky group (ex. 
triisobutylaluminum, diisbutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum, or the like) as an additive. This polymeri- 
zation process can be applied to the preparation of a block copolymer. (See, U.S. Patent 5180799) 

35 (6) Poly(methyl methacrylate) having an at least 70% content of syndiotactic triads can be obtained by mixing an 
organolithium initiator with a ligand such as methylbis(2,6-di-t-butylphenoxy)aluminum, ethylbis(2,6-di-t-butylphe- 
noxy)aluminum, isobutylbis(2,6-di-t-butylphenoxy)aluminum or tris(2,6-di-t-butylphenoxy)aluminum at a tempera- 
ture of at least 0°C and then adding methyl methacrylate to the resulting mixture to anionically polymerize said 
methyl methacrylate. This process is applicable to the preparation of a block copolymer having a polymer block 

40 composed of methyl methacrylate and another polymer block composed of a monomer selected from another 
methacrylic monomer, aromatic vinyl monomer, diene and maleimide. (see U.S. Patent 5656704). 

[0003] According to the U.S. Patent 5180799 described above in (5), polymerization reaction is suppressed when the 
anionic polymerization process of a methacrylic acid ester as described in the patent in the presence of an organoalu- 

45 minum compound having a bulky group is applied to an acrylic hydrogen atom-containing monomer. 

[0004] Upon anionic polymerization of a monomer on an industrial scale, it is not completely avoidable that a polym- 
erization initiator to be used has already been deactivated partially and the deactivation of the polymerization initiator 
proceeds further in the polymerization system owing to the impurities, such as water, which are introduced into the 
polymerization system as a mixture with the monomer, solvent or the like. Accordingly, it is impossible to prepare a pol- 

50 ymer having a desired molecular weight with good reproducibility even by carrying out anionic polymerization by using 
stoichiometric amounts of a polymerization initiator and a monomer calculated based on the desired molecular weight 
of the polymer. When the living properties in anionic polymerization are high, in other words, when a living polymer with 
a long-life active anionic end is formed.in the reaction system, a polymer having a desired molecular weight and a nar- 
row molecular weight distribution can be prepared with good reproducibility by polymerizing a monomer in an amount 

55 smaller than the stoichiometric amount calculated based on the using amount of a polymerization initiator, thereby 
forming a living polymer; and - after measuring the molecular weight of the living polymer, calculating the number of 
moles of the living polymer based on the molecular weight of the living polymer and amount of the monomer, and cal- 
culating the additional amount of the monomer based on the molecular weight and the number of moles of the living 
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polymer and the desired molecular weight of the final polymer - polymerizing the said additional amount of the mono- 
mer with the living polymer. When the living properties are low in the anionic polymerization, on the other hand, even if 
two-stage polymerization technique as described above is employed, a polymer available by the second stage polym- 
erization inevitably has both a component of lower molecular weight and a component of a higher molecular weight than 

5 the desired one and therefore has a wide molecular weight distribution, which owes to time-dependent marked deacti- 
vation of anions at the end of the polymer obtained by the first polymerization. Low living properties in the anionic 
polymerization are accompanied with the problem that deactivation proceeds even during the polymerization reaction 
so that at a relatively low polymerization rate, the molecular weight distribution of the resulting polymer inevitably 
becomes wide even by the first-stage polymerizing operation. 

io [0005] For the preparation of a block copolymer by anionic polymerization, a technique of polymerizing a certain mon- 
omer to form its living polymer and then adding another monomer to the polymerization system tends to be adopted. 
Also in this case, the living properties have a large influence on the block formation efficiency. 
[0006] Since the anionic polymerization of a monomer such as an acrylic acid ester is exothermic reaction so that 
when such anionic polymerization is carried out under cooling conditions in an industrial scale, it becomes very impor- 

15 tant to control a temperature rise in the polymerization system due to the exothermic heat. With a view to overcoming 
this problem, a technique of continuously feeding a monomer to the reaction system at a predetermined rate, thereby 
controlling the polymerization rate is sometimes adopted. When polymerization is conducted by continuously feeding a 
monomer, however, living properties in the polymerization reaction tend to have an influence on the uniformity of the 
molecular weight distribution of the resulting polymer. In other words, not so high living properties inevitably widen the 

20 molecular weight distribution of the resulting polymer. 

[0007] Also in the case where after anionic polymerization, the resulting polymer having an active anionic end is 
reacted with a functionalizing agent to prepare a polymer having at an end thereof a functional group, high living prop- 
erties are required for heightening the introduction ratio of -a functional group. 

[0008] In the preparation process of an acrylic acid ester polymer as described in (1), use of tetrahydrofuran as a part 
25 of a solvent is necessary in order to polymerize an acrylic acid ester with high living properties, thereby obtaining a 
desired polymer in a high yield. It is however not easy to industrially use tetrahydrofuran or collect and purify tetrahy- 
drofuran at high purity because of its water absorption properties or mixing of peroxides. When a primary alkyl acrylate 
such as n-butyl acrylate is used as an acrylic acid ester, polymerization at markedly low temperature conditions as low 
as about -80°C is required in order to attain high living properties. It is difficult to industrially apply this process (1), 
so because, as described above, it needs a solvent which is not suitable for use in bulk judging from its handling properties 
and in addition, large cooling utilities must be necessary. 

[0009] In the preparation process of an acrylic acid ester polymer described in (2), it takes long time to complete 
polymerization when the temperature of the polymerization system is markedly low, about -78°C, since the polymeriza- 
tion rate is low. When the temperature of the polymerization system is relatively high, -60°C or higher, on the other 

35 hand, deterioration in the living properties occurs, which widens the molecular weight distribution of the resulting poly- 
mer or makes it difficult to control the molecular weight by the two-stage polymerization process as described above. 
When a block copolymer is prepared as an acrylic acid ester polymer, the anionic end of the growing species has not a 
sufficiently long life, so that the block formation efficiency is insufficient and it is difficult to prepare a high-purity block 
copolymer having a narrow molecular weight distribution on an industrial scale. The process of (2) is therefore industri- 

40 ally disadvantageous. 

[0010] In the case of anionic polymerization of a methacrytic acid ester in the presence of an initiator system com- 
posed of an organic alkali metal compound and an organoaluminum compound, as is adopted in the above-described 
processes (3) to (6), since the addition of the organoaluminum compound is effective for suppressing the side reaction 
of the anion of the growing species against the ester group of the methacrylic acid ester monomer, a methacrylic acid 

45 ester polymer having a narrow molecular weight distribution can be obtained. In the above-described U.S. Patent 
5180799, it is described that the polymerizing reaction is suppressed when the anionic polymerization process of a 
methacrylic acid ester as described in the above patent specification is applied to an acrylic hydrogen atom-containing 
monomer. The present inventors tried to apply some of the anionic polymerization processes of a methacrylic acid ester 
as described in (3) to (6) to the polymerization of an acrylic acid ester, which however did not bring about good results. 

so The polymerization of a primary alkyl acrylate was found to be particularly difficult. These results are presumed to owe 
to the side reaction against the ester group of the acrylic acid ester monomer, drawing of a proton at the a-position of 
the acrylic acid ester monomer and polymer, attack to the ester group of the polymer, or the like, each derived from the 
anion of the polymerization initiator and/or growing species. 

[001 1 ] The present inventors also tried to apply some of the anionic polymerization processes for a methacrylic acid 
55 ester as described in (3) to (6) to the preparation of a block copolymer having a polymer block of a methacrylic acid 
ester and a polymer block of an acrylic acid ester (particularly, a primary alkyl acrylate), however, the results were unde- 
sirable. The formation of a polymer block composed of an acrylic acid ester was found to cause a great difficulty and 
the formation of a polymer block composed of a primary alkyl acrylate was found to be particularly difficult. The reason 
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for them is presumed to be as follows: even if the anionic polymerization of a methacrylic acid ester proceeds stoichio- 
metrically and a methacrylic acid ester polymer having an active anionic end is formed, the subsequent addition of an 
acrylic acid ester to the system considerably lowers the block formation efficiency of the acrylic acid ester at the active 
anionic end owing to the side reaction against the ester group of the acrylic acid ester monomer, drawing of the proton 
5 at the a-position of the acrylic acid ester monomer and acrylic acid ester polymer portion and attack to the ester group 
of the acrylic acid ester polymer portion. 

[001 2] An object of the present invention is to provide an industrially advantageous process which permits the polym- 
erization of an acrylic acid ester such as a primary alkyl acrylate by anionic polymerization while attaining both a high 
polymerization rate and high living properties (accordingly, permits the copolymerization at a high block forming effi- 
10 ciency in the block copolymerization) even without using a solvent which involves a problem in handling; and makes it 
possible to smoothly prepare an acrylic acid ester polymer having a desired molecular weight and narrow molecular 
weight distribution with good reproducibility. 

[001 3] With a view to attaining the above object, the present inventors have carried out various investigations. As a 
result, it has been found that when an initiator system is constituted from an organolithium compound and a specific 

w organoaluminum compound, (i) polymerization of an acrylic acid ester can be carried out at a high reaction rate and 
with high living properties even if a solvent involving a problem in handling is not used; (ii) a high block formation effi- 
ciency can be attained when block copolymerization is carried out using an acrylic acid ester and another monomer in 
combination; and (iii) the above-described effects (i) and (ii) are particularly marked when a primary alkyl acrylate is 
used as an acrylic acid ester, leading to the completion of the present invention. 

20 [001 4] In the present invention, there is thus provided a process for the preparation of an acrylic acid ester polymer, 
which comprises polymerizing an acrylic acid ester in the presence of an organolithium compound and an organoalu- 
minum compound represented by the following formula: 

AIR 1 R 2 R 3 (I) 

25 

wherein R 1 represents a substituted or unsubstituted alkyl group having at least 3 carbon atoms, a substituted or 
unsubstituted alkoxy group having at least 3 carbon atoms or a substituted or unsubstituted aryloxy group, R 2 and R 3 
each independently represents a substituted or unsubstituted aryloxy group or may be coupled together to form a sub- 
stituted or unsubstituted arylenedioxy group. 
30 [001 5] The preparation process of the present invention embraces a process for the preparation of a block copolymer 
having at least one polymer block (A) comprising an acrylic acid ester (a) and at least one polymer block (B) comprising 
another acrylic or methacrylic monomer (b) having a chemical structure different from said acrylic acid ester (a), which 
comprises polymerizing said acrylic acid ester (a) and said monomer (b) in the presence of an organolithium compound 
and an organoaluminum compound represented by the above-described formula (I). 

35 

FIG. 1 is a GPC chart of poly(n-butyl acrylate) obtained as a final product in Example 5 according to the present 
invention, drawn with the efflux time as abscissa. 

FIG. 2 is a GPC chart of poly(n-butyl acrylate) obtained as a final product in Comparative Example 6 not according 
to the present invention, drawn with the efflux time as abscissa. 
40 FIG. 3 is a GPC chart of poly(n-butyl acrylate) obtained as a final product in Example 6 according to the present 
invention, drawn with the efflux time as abscissa. 

FIG. 4 is a GPC chart of poly(n-butyl acrylate) obtained as a final product in Comparative Example 7 not according 
to the present invention, drawn with the efflux time as abscissa. 

45 [001 6] The present invention will hereinafter be described more specifically. 

[001 7] In the present invention, polymerization of an acrylic acid ester in the presence of an organolithium compound 
and an organoaluminum compound represented by the above formula (I) [hereinafter simply referred to as "organoalu- 
minum compound (I)"] is necessary. The "acrylic acid ester polymer" which is a target compound of the preparation 
process of the present invention means a polymer composed at least partially of a structural unit derived from an acrylic 

so acid ester. It does not only mean an acrylic acid ester homopolymer but also embraces a copolymer of an acrylic acid 
ester and another anionic polymerizable monomer [for example, a block copolymer having at least one polymer block 
(A) comprising the above-described acrylic acid ester (a) and at least one polymer block (B) comprising an acrylic or 
methacrylic monomer (b) different in the chemical structure from said acrylic acid ester (a) (the monomer (b) and the 
block copolymer may hereinafter be referred to as "(meth)acrylic monomer (b)" and 'block copolymer (C)", respec- 

55 tively)]. Upon preparation of the block copolymer (C), it is therefore necessary to subject the acrylic acid ester (a) and 
(meth)acrylic monomer (b) to block copolymerization in the presence of an organolithium compound and an organoa- 
luminum compound (I). 

[001 8] The organolithium compound to be used in the present invention generally serves as a polymerization initiator. 
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There is no particular limitation imposed on the nature of the organolithium compound insofar as it is, an organolithium 
compound conventionally employed as an anionic polymerization initiator upon the polymerization of an anionic polym- 
erizable monomer such as an acrylic acid ester. Typical examples of the organolithium compound usable in the present 
invention include, as a monofunctional anionic polymerization initiator, alkyl lithiums such as n-butyl lithium, sec-butyl 

5 lithium and t-butyl lithium, aryl lithiums such as fluorenyl lithium and lithium salts of a monoanion based on an a-meth- 
ylstyrene oligomer, aralkyl lithiums such as 1 , 1 -diphenylhexyl lithium, diphenylmethyl lithium and 1,1-diphenyl-3-meth- 
ylpentyl lithium, trimethylsiloxy lithium and lithium ethyl isobutylate; and as a Afunctional anionic polymerization initiator, 
organic dilithium compounds such as tetra-a-methylstyrene dilithium. 1,3-bis(lithio-1,3-dimethylpentyl)benzene and 
1,3-bis(lithiophenyl-3-methylpentyl)benzene. These organolithium compounds may be used either singly or in combi- 

r0 nation. Among the above-exemplified organolithium compounds, sec-butyl lithium, t-butyl lithium, lithium ethyl iso- 
butylate, 1,3-bis(lithio-1,3-dimethylpentyl)benzene, 1,3-bis(lithiophenyl-3-methylpentyl)benzene and the like are 
preferred from the viewpoint of polymerization initiating ability. 

[0019] The organoaluminum compound (I) to be used in the present invention is a compound represented by the 
above-described formula (I). 

is [0020] In the formula (I), as described above, R 1 represents a substituted or unsubstituted alkyl group having at least 
3 carbon atoms, a substituted or unsubstituted alkoxy group having at least 3 carbon atoms or a substituted or unsub- 
stituted aryloxy group. When R 1 represents a Ci or C 2 alkyl group (methyl group or ethyl group), it becomes impossible 
to attain a high polymerization reaction rate and high living properties (high block efficiency upon the preparation of a 
block copolymer) at the same time, leading to a difficulty in the industrially advantageous preparation of a predeter- 

20 mined acrylic acid ester polymer having a high purity. 

[0021 ] When R 1 represents a substituted or unsubstituted alkyl group having at least 3 carbon atoms, it is preferably 
a C 3 . 12 alkyl group from the viewpoints of polymerization activity of the organoaluminum compound (I), handling prop- 
erties, easy preparation, availability and the like. Among the C 3 _ 12 alkyl groups, C 3 . 10 alkyl groups such as n-propyl, iso- 
propyl, n-butyl, isobutyl, sec-butyl, t-butyl, 2-methylbutyl, 3-methytbutyl, n-octyl, 2-ethylhexyl and the like are more 

25 preferred. Among the alkyl groups having at least 3 carbon atoms, branched alkyl groups having at least 3 carbon 
atoms or linear alkyl groups having at least 4 carbon atoms are preferred in consideration of the stability of the active 
end of the polymer in the polymerization system or attainment of high living properties (moreover, attainment of high 
block efficiency) and the like, of which branched C 3 .i 2 alkyl groups or linear C4_i 2 alkyl groups are more preferred, with 
branched C 3 _io alkyl groups such as isopropyl, isobutyl and 3-methylbutyl groups or linear C 5 . 10 alkyl groups such as 

30 n-hexyl and n-octyl groups being still more preferred. With all of the availability, handling properties, stabilizing ability of 1 
living end of the polymer, living properties, block efficiency and the like taken into account, isobutyl group is particularly 
preferred as R 1 . 

[0022] When R 1 represents a substituted or unsubstituted alkoxy group having at least 3 carbon atoms, examples of 
it include isopropoxy and t-butoxy groups. 
35 [0023] When R 1 represents a substituted or unsubstituted aryloxy group, examples of it include unsubstituted aryloxy 
groups such as 7-methoxy-2-naphthoxy group. 

[0024] The substituted or unsubstituted alkyl group having at least 3 carbon atoms, substituted or unsubstituted 
alkoxy group having at least 3 carbon atoms, and substituted or unsubstituted aryloxy group represented by R 1 each 
has no substituent or at least one substituent. Examples of the substituent include alkoxy groups such as methoxy, 
40 ethoxy, isopropoxy and t-butoxy groups, and halogen atoms such as chlorine, bromine and fluorine. 

[0025] In the formula (I), R 2 and R 3 each independently represents a substituted or unsubstituted aryloxy group or R 2 
and R 3 may be bonded together to form a substituted or unsubstituted arylenedioxy group. 

[0026] Preferred examples of the substituted or unsubstituted aryloxy group as R 2 or R 3 include unsubstituted aryloxy 
groups such as phenoxy, 2-methylphenoxy. 4-methylphenoxy, 2,6-dimethylphenoxy, 2,4-di-t-butylphenoxy, 2,6-di-t- 
« butylphenoxy, 2,6-di-t-butyl-4-methylphenoxy, 2,6<liphenylphenoxy, 1 -naphthoxy, 2-naphthoxy, 9-phenantryloxy and 1 - 
pyrenyloxy groups, and substituted aryloxy groups such as 7-methoxy-2-naphthoxy group. Preferred examples of the 
substituted or unsubstituted arylenedioxy group formed by the bonding of R 2 and R 3 include groups derived from 2,2'- 
diphenol, 2,2'-methylenebisphenol, 2,2'-methylenebis(4-methyl-6-t-butylphenol), (R)-(+)-1,1'-bi-2-naphthol and (S)-(-)- 
1,1'-bi-2-naphthol. 

so [0027] The substituted or unsubstituted aryloxy group as R 2 or R 3 and the substituted or unsubstituted arylenedioxy 
group formed by the bonding of R 2 and R 3 each has no substituent or at least one substituent. Examples of the substit- 
uent include alkoxy groups such as methoxy, ethoxy, isopropoxy and t-butoxy. and halogen atoms such as chlorine, bro- 
mine and fluorine. 

[0028] When the organoaluminum compound (I) has two or three aryloxy groups which may have a substituent, these 
55 aryloxy groups may be the same or different in the chemical structure. 

[0029] Typical examples of the organoaluminum compound (I) to be used in the present invention include isobutyl- 
bis(2,6-di-t-butyl-4-methylphenoxy)aluminum, isobutylbis(2,6-di-t-butylphenoxy)aluminum, isobutyl[2,2'-methyl- 
enebis(4-methyl-6-t-butylphenoxy)]atuminum. n-octylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum, n-octylbis(2,6-di-t- 
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butylphenoxy)aluminum, n-octyl[2,2'-methylenebis(4-methyl-6-t-butylphenoxy)]aluminum, tris(2,6-di-t-butyl-4-methyl- 
phenoxy)aluminum and tris(2,6-diphenylphenoxy)aluminum. Among them, compounds having, in the formula (I), iso- 
butyl or n-octyl group as R 1 and 2,6-di-t-butyl-4-methylphenoxy or 2,4-di-t-butylphenoxy group as each of R 2 and R 3 , 
that is, isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum, isobutylbis(2,4-di-t-butylphenoxy)aluminum, n-octyl- 
bis(2,6-di-t-butyl-4-methylphenoxy)aluminum and n-octylbis(2,4-di-t-butylphenoxy)aluminum are particularly preferred 
from the viewpoints of polymerization activity, stabilizing ability of growing terminal (or living end) of the polymer, block 
efficiency and the like. 

[0030] No particular limitation is imposed on the preparation process of the organoaluminum compound (I). The orga- 
noaluminum compound (I) having as R 1 a substituted or unsubstituted alkyl group having at least 3 carbon atoms or a 
substituted or unsubstituted aryloxy group can be prepared easily, for example, in a known technique, by reacting an 
aromatic compound having in the molecule thereof one or two phenolic hydroxyl groups and a trialkylaluminum at a pre- 
determined proportion. The organoaluminum compound (I) having as R 1 a substituted or unsubstituted alkoxy group 
having at least 3 carbon atoms, on the other hand, can be prepared easily, for example, in a known technique, by react- 
ing a tertiary organoaluminum compound having one alkyl group and two aryloxy groups (which may have a substitu- 
ent) or having one alkyl group and one arylenedioxy group (which may have a substituent) with an alcohol having at 
least 3 carbon atoms at a substantially equal molar ratio. 1 

[0031] Although there is no particular limitation imposed on the using amount of the organolithium compound in the 
anionic polymerization according to the present invention, it is preferred to use the organolithium compound in an 
amount ranging from 0.01 to 10 moles based on 100 moles, in total, of all the monomers used (ex. acrylic acid ester 
(a), (meth)acrylic monomer (b) and the like for the preparation of a block copolymer) from the viewpoint of smooth prep- 
aration of the target acrylic acid ester polymer. 

[0032] The organolithium compound and the organoaluminum compound (I) can be used at a suitable ratio as 
needed, depending on the kind of the polymerization process, the nature of a polymerization solvent in the case of solu- 
tion polymerization or other various polymerization conditions. Generally, it is preferred to use the organoaluminum 
compound (I) in an amount of 1 .0 mole or greater per mole of the organolithium compound, with 2.0 moles or greater 
being more preferred. The using amount of the organoaluminum compound (I) has no upper limit from the viewpoint of 
the polymerization reaction, however, from the viewpoints of a production cost, removal of the organoaluminum com- 
pound residue contained in the polymer and the like, it is preferred to suppress the amount of the organoaluminum com- 
pound (I) to 500 moles or less per mole of the organolithium compound, with 100 moles or less being more preferred. 
[0033] There is no particular limitation imposed on the nature of the acrylic acid ester to be used in the present inven- 
tion. Any acrylic acid ester formally composed of an acrylic acid component and an alcoholic component can be used, 
of which acrylic acid esters containing a C V 15 alcoholic component are preferred. Preferred examples of the acrylic acid 
ester usable in the present invention include primary alkyl acrylates such as methyl acrylate, ethyl acrylate, n-propyl 
acrylate, n-butyl acrylate, isobutyl acrylate, 2-ethylhexyl acrylate, lauryl acrylate, cetyl acrylate and n-stearyl acrylate; 
glycidyl acrylate, allyl acrylate, 2-methoxyethyl acrylate, 3-methoxybutyl acrylate, trimethoxysilylpropyl acrylate, trifluor- 
oethyl acrylate, isopropyl acrylate, sec-butyl acrylate, t-butyl acrylate, cyclohexyl acrylate, isobornyl acrylate, trimethyl- 
silyl acrylate and the like. These acrylic acid esters may be used either singly or in combination. In the polymerization 
reaction according to the present invention, particularly marked effects are exhibited in the polymerization of a primary 
alkyl acrylate so that it is preferred that the acrylic acid ester to be used is mainly the primary alkyl acrylate. 
[0034] In combination with the acrylic acid ester, another anionic polymerizable monomer can be used for copolym- 
erization insofar as it does not take adverse effects for the desired polymerization. Typical examples of the anionic 
polymerizable monomer which can be used for copolymerization include methacrylic acid esters, methacrylamides, 
acrylamides and the like. Although there is no* limitation imposed on the methacrylic acid ester usable for the copolym- 
erization, typical examples include alkyl methacrylates such as methyl methacrylate, ethyl methacrylate, n-propyl meth- 
acrylate, isopropyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, t-butyl methacrylate. 2-ethylhexyl 
methacrylate, lauryl methacrylate, cetyl methacrylate and n-stearyl methacrylate; cycloalkyl methacrylates such as 
cyclohexyl methacrylate and isobornyl methacrylate; aryl methacrylates such as phenyl methacrylate; aralkyl methacr- 
ylates such as benzyl methacrylate; glycidyl methacrylate; allyl methacrylate; trimethylsilyl methacrylate; trimethoxysi- 
lylpropyl methacrylate; 2-methoxyethyl methacrylate; 3-methoxybutyl methacrylate; trifluoroethyl methacrylate and the 
like. Although there is no particular limitation imposed on the methacrylamide usable in the present invention, preferred 
examples include primary methacrylamides such as N-methylmethacrylamide, N-ethylmethacrylamide, N-n-propyl- 
methacrylamide, N-isopropylmethacrylamide, N-n-butylmethacrylamide. N-isobutylmethacrylamide, N-t-butylmethacr- 
ylamide, N-(2-ethylhexyl)methacrylamide, N-laurylmethacrylamide, N-cyclohexylmethacrylamide, N- 
phenylmethacrylamide, N-benzylmethacrylamide, N-trimethylsilylmethacrylamide and N-allylmethacrylamide; and sec- 
ondary methacrylamides such as N,N-dimethylmethacrylamide, N,N-diethylmethacrylamide, N,N-di-n-propylmethacry- 
lamide, N.N-diisopropylmethacrylamide, N,N-di-n-butylmethacrylamide, N,N-diisobutylmethacrylamide, N,N-di-t- 
butylmethacrylamide, N,N-bis(2-ethylhexyl)methacrylamide, N,N-dilaurylmethacrylamide, N,N-dicyclohexylmethacry- 
lamide, N,N-diphenylmethacrylamide, N,N-dibenzylmethacrylamide, N.N-bis(trimethylsilyl)methacrylamide and N,N- 
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diallylmethacrylamide. Although there is no particular limitation imposed on the acrylamide usable in the present inven- 
tion, typical examples include primary acrytamides such as N-methylacrylamide, N-ethylacrylamide, N-n-propylacryla- 
mide, N-isopropylacrylamide, N-n-butylacrylamide, N-isobutylacrylamide, N-t-butylacrylamide, N-(2- 
ethylhexyl)acrylamide, N-laurylacrylamide. N-cyclohexylacrylamide, N-phenylacrylamide, N-benzylacrylamide, N-tri- 
5 methylsilylacrylamide and N-allylacrylamide; and secondary acrylamides such as N,N-dimethylacrylamide, N,N-diethy- 
lacrylamide, N,N-di-n-propylaaylamide, N,N-diisopropylacrylamide, N,N-di-n-butylacrylamide, N,N- 
diisobutylacrylamide, N,N-di-t-butylacrylamide, N,N-bis(2-ethylhexyl)acrylamide, N,N-dilaurylaaylamide, N,N-dicy- 
clohexylacrylamide, N,N-diphenylacrylamide, N,N-dibenzylacrylamide, N,N-bis(trimethylsilyl)acrylamide and N.N-dial- 
lyfacrylamide. 

io [0035] It is preferred to dry the monomer, such as acrylic acid ester, to be used in the present invention in advance 
under an inert gas stream or the like in order to allow the subsequent polymerization reaction to proceed smoothly. For 
drying, a dehydrating or drying agent such as calcium hydride, molecular sieves or activated alumina is preferably 
employed. 

[0036] Upon preparation of the block copolymer (C), the acrylic acid ester as described above is used as the acrylic 
is acid ester (a) for the formation of the polymer block (A). As a monomer for the formation of the polymer block (A), it is 
possible to use, in combination with the acrylic acid ester (a), another anionic polymerizable monomer, for example, a 
methacrylic acid ester such as fluoroethyl methacrylate, glycidyl methacrylate, allyl methacrylate, trimethylsilyl meth- 
acrylate or trimethoxysilylpropyl methacrylate in a small amount as needed. When another monomer is used, however, 
it is preferred to suppress the proportion of another monomer to 20 mole% or less based on the whole monomer used 
20 for the preparation of the polymer block (A), with 1 0 mole% or less being more preferred. 

[0037] Upon preparation of the block copolymer (C), there is no particular limitation imposed on the nature of the 
(meth)acrylic monomer (b) to be used for the formation of the polymer block (B) insofar as it has a chemical structure 
different from the acrylic acid ester (a) used for the formation of the polymer block (A) and at the same time, is an ani- 
onic polymerizable monomer having an acrylic structure (CH 2 =CH-CO-) or methacrylic structure (CH 2 =C(CH 3 )-CO-). 
25 The (meth)acrylic monomer (b) embraces, for example, methacrylic acid esters, methacrylamides, acrylamides and 
acrylic acid esters having a chemical structure different from the acrylic acid ester (a) to be used in combination. As 
these methacrylic acid esters, methacrylamides, acrylamides and acrylic acid esters, those as exemplified above can 
be employed. 

[0038] Upon preparation of the block copolymer (C), it is possible to use, as the acrylic acid ester (a) and (meth)acrylic 
30 monomer (b), one or more than one polymerizable monomer as described above, respectively. Among the above- 
described specific examples, use of a monomer selected from the group consisting of methyl methacrylate, ethyl acr- 
ylate, n-butyl acrylate, 2-ethylhexyl acrylate and N.N-diethylacrylamide is preferred from the viewpoints of polymeriza- 
tion activity, cost of raw materials, physical properties of the resulting block copolymer and the like. 
[0039] Upon preparation of the block copolymer (C), the acrylic acid ester (a) and (meth)acrylic monomer (b) can be • 
35 fed to the polymerization system in any one of the following processes (i) to (iii): 

(i) : a process to prepare the target block copolymer (C) by successively feeding the acrylic acid ester (a) and 
(meth)acrylic monomer (b) in any order, thereby polymerizing them. 

(ii) : a process to prepare the target block copolymer (C) by simultaneously feeding the acrylic acid ester (a) and 
40 (meth)acrylic monomer (b) , thereby polymerizing them. 

(iii) : a process to prepare the target block copolymer (C) by using in combination successive feeding and simulta- 
neous feeding of the acrylic acid ester (a) and (meth)acrylic monomer (b). 

[0040] A more detailed description will subsequently be made herein about the above-described processes (i) to (iii). 
45 For simplification, a description will be made only about the case where polymerization is carried out using a monofunc- 
tional polymerization initiator. It is possible to easily understand the polymerization using a Afunctional polymerization 
initiator on the analogy of the below-described descriptions. 

[0041] The above-described process (i) will hereinafter be described more specifically. 

[0042] The above-described process (i) comprises (1 ) a step of feeding one of the monomers, that is, the acrylic acid 
so ester (a) and (meth)acrylic monomer (b), to a polymerization system and carrying out first-stage polymerization, 
thereby preparing a polymer (a living polymer having at one end of its main chain an active anion) composed of said 
monomer, and (2) a step of feeding the other monomer to the polymerization system to couple and polymerize said 
other monomer with the active anion end of the living polymer (second-stage polymerization), thereby preparing a block 
copolymer having a polymer block (A) (which may hereinafter be referred to as "Block A") and a polymer block (B) 
55 (which may hereinafter be referred to as "Block B"). 

[0043] The polymerization in accordance with the process (i) makes it possible to prepare a block copolymer which 
is composed of various number of blocks and has Blocks A and Blocks B alternately bonded by feeding to the polym- 
erization system the acrylic acid ester (a) and (meth)acrylic monomer (b) in any order alternately and selecting the feed- 
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ing frequency (the number of the polymerization stages). Described specifically, a Block B-Block A diblock copolymer 
can be prepared by feeding the (meth)acrylic monomer (b) to the polymerization system, thereby forming its living pol- 
ymer and then feeding the acrylic acid ester (a) to couple and polymerize it with the active anionic end of the living pol- 
ymer. A Block A-Block B diblock copolymer can be prepared by feeding the polymerization system with the acrylic acid 
ester (a) and (meth)acrylic monomer (b) in the reverse order, that is. by feeding the acrylic acid ester (a) first and polym- 
erizing it, and then feeding the (meth)acrylic monomer (b) and carrying out polymerization. 

[0044] A triblock copolymer of Block B - Block A - Block B can be prepared by (1 ) feeding the polymerization system 
with the (meth)acrylic monomer (b) to form a living polymer thereof, (2) feeding the acrylic acid ester (a) to couple and 
polymerize it with the active anionic end of the living polymer to form a diblock copolymer (the living polymer having an 
active anionic end on the side of Block A) of Block B - Block A and (3) feeding the (meth)acrylic monomer (b) to couple 
and polymerize it with the active anionic end of said diblock copolymer. If the acrylic acid ester (a) and (meth)acrylic 
monomer (b) are fed to the polymerization system in the reverse order, a triblock copolymer of Block A - Block B - Block 
A can be prepared. 

[0045] In the process (i), a tetrablock copolymer of Block A - Block B - Block A - Block B can be prepared by feeding 
the polymerization system with the acrylic acid ester (a) and (meth)acrylic monomer (b) successively (alternately) four 
times and carrying out polymerization in four stages. Similarly, block copolymers (pentablock copolymer or greater- 
block copolymers) having at least 5 blocks, in total, of Block A and Block B bonded alternately can be prepared in this 
manner. 

[0046] A detailed description will next be made about the above-described process (ii). 

[0047] The process (ii) makes use of a difference in the polymerization rate between the acrylic acid ester (a) and 
(meth)acrylic monomer (b). For example, the polymerization rate of the acrylic acid ester (a) is generally higher than 
that of the methacrylic acid ester so that even if they are fed to the polymerization system simultaneously, the polymer- 
ization of the acrylic acid ester (a) mainly occurs in the initial stage and a polymer (living polymer having an active anion 
at one end of its main chain) mainly composed of the acrylic acid ester (a) is formed. With a gradual decrease in the 
concentration of the acrylic acid ester (a) in the polymerization system, the coupling and polymerization of the meth- 
acrylic acid ester with the active anionic end of the resulting polymer are accelerated, resulting in the preparation of a 
block copolymer having a polymer block (Block A) composed mainly of the acrylic acid ester (a) and a polymer block 
(Block B) mainly composed of the methacrylic acid ester. In the process (ii), the methacrylic acid ester and acrylic acid 
ester (a) may be fed to the polymerization system simultaneously as a mixture or simultaneously without premixing 
[0048] In the process (ii), by the simultaneous feeding of the methacrylic acid ester and acrylic acid ester (a) to the 
polymerization system in one stage, a diblock copolymer (Block A - Block B) having one Block A and one Block B 
bonded each other is formed. In the process (ii), when the polymerization is carried out by the second simultaneous 
feeding of the methacrylic acid ester and acrylic acid ester (a) after the substantial completion of the polymerization by • 
the first simultaneous feeding of the methacrylic acid ester and acrylic acid ester (a), a tetrablock copolymer of Block A 
- Block B - Block A - Block B can be prepared. In the process (ii), a hexablock or greater-block copolymer composed of 
Block A and Block B alternately and having at least 6 blocks bonded in total can be obtained by simultaneous feeding 
and polymerizing of the methacrylic acid ester and acrylic acid ester (a) at least three times. 
[0049] The process (iii) will next be described more specifically. 

[0050] The process (iii) comprises the combination of the above-described process (i) and process (ii). This process 
(iii) makes it possible to prepare a multiblock copolymer composed of Block A and Block B and having at least three 
blocks bonded in total. The adopting order and frequency of the process (i) and process (ii) can be determined as 
needed according to the chemical structure of the desired block copolymer. 

[0051] Although there is no limitation to the process (iii), specific examples include the following processes (iii)-1 to 
(iii)-4. 

(iii)-1: a process to prepare a triblock copolymer of Block B - Block A - Block B by (1) feeding the polymerization ' 
system with a methacrylic acid ester first, thereby forming its living polymer and (2) feeding the methacrylic acid 
ester and acrylic acid ester (a) simultaneously, thereby coupling and polymerizing mainly the acrylic acid ester (a), 
which has a higher polymerization rate, with the active anionic end of the resulting living polymer to form a diblock 
copolymer (living polymer having an active anion end on the side of Block A) of Block B - Block A, and then, cou- 
pling and polymerizing the methacrylic acid ester with the resulting diblock copolymer. 

(iii)-2: a process to prepare a multiblock copolymer represented by the formula: Block B - Block A - (Block B - Block 
A) m - Block B - Block A - Block B (wherein, m stands for 0 or an integer of 1 or greater) or the formula: Block A - 
(Block B - Block A) n - Block B - Block A - Block B (wherein, n stands for 0 or an integer of 1 or greater) by (1) suc- 
cessively feeding the polymerization system with the methacrylic acid ester and acrylic acid ester (a) at desired fre- 
quency to form a multiblock copolymer which has an active anionic end at the methacrylic acid ester polymer block 
(Block B) and is represented by the formula: Block B - Block A - (Block B - Block A) m - Block B* (wherein m stands 
for 0 or an integer of 1 or greater, * means an active anionic end) or the formula: Block A - (Block B - Block A) n - 
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Block B* (wherein n stands for 0 or an integer of 1 or greater, ' means an active anionic end) and (2) simultaneously 
feeding the methacrylic acid ester and acrylic acid ester (a) to coupling and polymerizing mainly the acrylic acid 
ester (a) having a higher polymerization rate with the above-described active anionic end (*) of Block B and then 
coupling and polymerizing mainly the methacrylic acid ester. 

5 

(iii)-3: a process to prepare a triblock copolymer of Block A - Block B • Block A by (1) simultaneously feeding the 
methacrylic acid ester and acrylic acid ester (a) to the polymerization system, thereby polymerizing mainly the 
acrylic acid ester (a) having a higher polymerization rate to form an acrylic acid ester polymer having an active ani- 
onic end and then coupling and polymerizing mainly the methacrylic acid ester with the active anionic end to pre- 

io pare a diblock copolymer (living polymer having an active anionic end on the side of Block B) of Block A - Block B 
and (2) feeding the acrylic acid ester (a) to couple and polymerize it with the active anionic end of the block B. 
(iii)-4: a process to prepare a multiblock copolymer represented by the formula: Block A - Block B - Block A - Block 
B - (Block A - Block B) p - Block A (wherein p stands for 0 or an integer of 1 or greater) or the formula: Block A - Block 
B - Block A - (Block B - Block A)q - Block B (wherein q stands for 0 or an integer of 1 or greater) by (1) simultane- 

15 ously feeding a methacrylic acid ester and acrylic acid ester (a) to the polymerization system, thereby polymerizing 
mainly the acrylic acid ester (a) having a higher polymerization rate to form the corresponding acrylic acid ester pol- 
ymer having an active anionic end and then coupling and polymerizing mainly the methacrylic acid ester with the 
active anionic end to form a diblock copolymer (living polymer having the active anionic end on the side of Block B) 
of Block A - Block B; and (2) feeding the acrylic acid ester (a) and methacrylic acid ester in any frequency in repe- 

20 tition in this order to cause successive polymerization. 

[0052] Among the above-described processes (i) to (iii), the process (i), that is, a process for preparing a block copol- 
ymer by successively and alternately feeding to the polymerization system the acrylic acid ester (a) and (meth)acrylic 
acid monomer (b) in any order, thereby forming Block A and Block B alternately in this order or in the reverse order, 

25 makes it possible to prepare, without failure, a block copolymer having the predetermined number of Block A and Block 
B bonded alternately, each of said blocks being adjusted to a predetermined polymerization degree (molecular weight). 
[0053] The polymerization reaction according to the present invention can be conducted without an organic solvent, 
but preferably conducted in an organic solvent, because the use of an organic solvent makes it possible to control the 
polymerization temperature, to make uniform the conditions in the polymerization system and to allow the polymeriza- 

30 tion to proceed smoothly. As an organic solvent, hydrocarbon solvents and/or halogenated hydrocarbon solvents are 
preferred, because they are relatively safe upon handling, are not easily mixed in the waste water, and can be easily 
collected and purified. Typical examples of the hydrocarbon solvent include benzene, toluene, xylene, cyclohexane, 
methylcyclohexane and the like; while those of the halogenated hydrocarbon solvent include chloroform, methylene 
chloride, carbon tetrachloride and the like. They may be used either singly or in combination. Among them, hydrocarbon 

35 solvents are more preferred. Prior to polymerization, the organic solvent to be employed is preferably purified by deaer- 
ation and dehydration. 

[0054] The using amount of the organic solvent can be adjusted as needed depending on the chemical structure and 
polymerization degree of the target acrylic acid ester polymer, kind of monomers, kind of an organolithium compound, 
kind of an organoaluminum compound (I), kind of an organic solvent, kind of the polymerization process [for example, 
40 one of the above-described processes (i) to (iii)] and the like. From the viewpoints of smooth progress of polymerization, 
separability and availability of the resulting acrylic acid ester polymer, cost of waste water disposal and the like, an 
organic solvent is, in general, preferably used in an amount ranging from 200 to 3000 parts by weight based on 100 
parts by weight of all the monomers employed, with an amount ranging from 300 to 2000 parts by weight being more 
preferred. 

45 [0055] There is no particular limitation imposed on the adding method of the organolithium compound, organoalumi- 
num compound (I) and monomer to the polymerization system. A suitable method can be adopted as needed depend- 
ing on the polymerization process [for example, one of the above-described processes (i) to (iii)] to be adopted, kind of 
the target acrylic acid ester polymer (for example, the number of the polymer blocks) or the like. For example, the orga- 
nolithium compound and organoaluminum compound (I) may be added to the polymerization system as they are or 

so after both or either of them is dissolved in an organic solvent or the monomer. The monomer may be fed to the polym- 
erization system as it is or after dissolved in an organic solvent. 

[0056] In the case of the polymerization on an industrial scale, it is sometimes preferred to carry out polymerization 
while feeding a monomer as it is or as a solution containing it, which facilitates the temperature control of the polymer- 
ization system. In this case, the monomer may be fed continuously or intermittently. 
55 [0057] Concerning the contacting order of the organolithium compound, organoaluminum compound (I) and mono- 
mer at the beginning time of the polymerization, it is generally preferred to initiate polymerization by bringing the orga- 
nolithium compound in contact with the organoaluminum compound (I) and then with the monomer; or by bringing the 
organolithium compound in contact with a portion of the organoaluminum compound (I) and then with a mixture com- 
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prising the monomer andthe remaining portion of the organoaluminum compound (I). When the above-described order 
is adopted, the deactivating component in the monomer is inactivated by the action of the organoaluminum compound 
(I) and in addition, a complex is formed between the monomer and the organoaluminum compound (I), which makes it 
possible to improve the living properties (block efficiency in the case of block copolymerization) still more in the polym- 
erization. 

[0058] In the polymerization according to the present invention, it is possible to add other additives to the polymeri- 
zation system as needed in accordance with a known technique. Examples include inorganic saris such as lithium chlo- 
ride, alkoxide compounds such as lithium 2-(2-methoxyethoxy)ethoxide and potassium t-butoxide, and organic 
quaternary salts such as tetraethylammonium chloride and tetraethylphoshonium bromide. 

[0059] The polymerization according to the present invention is preferably conducted in an inert gas atmosphere such 
as nitrogen, argon or helium. Polymerization is preferably carried out under thorough stirring conditions to homogenize 
the reaction system. 

[0060] Concerning the polymerization temperature in the polymerization reaction according to the present invention, 
suitable conditions can be selected as needed, depending on the kind of the organolithium compound, kind of the orga- 
noaluminum compound (I), kind of the organic solvent, kind of the monomer to be polymerized or the details of the 
polymerization step. In general, in the polymerization step of the acrylic acid ester, low polymerization temperature 
tends to suppress inconveniences such as lowering in the polymerization initiating efficiency, lowering in the living 
polymerizability and increase in the molecular weight distribution (increase in the ununiformity of the molecular weight). 
Excessive low polymerization temperature, however, is industrially disadvantageous because of an increase in the nec- 
essary amount of cooling utilities, lowering in the polymerization rate and the like. Generally, a temperature within a 
range of from -100°C to +100°C is preferred, because in this case, an acrylic acid ester polymer having uniform molec- 
ular weight (polymerization degree) [in the case of a block copolymer, the block copolymer which is uniform in the 
molecular weight (polymerization degree) of each of the polymer blocks and the molecular weight of the whole block 
copolymer] can be prepared industrially advantageously in a high yield, with retaining high living polymerizability, with - 
80°C to +60°C being more preferred. 

[0061 ] In the polymerization reaction according to the present invention, when the polymerization temperature is low, 
the resulting acrylic acid ester polymer tends to have improved stereoregularity so that even an acrylic acid ester poly- 
mer having crystallizability can be prepared. Since the acrylic acid ester polymer (particularly primary alkyl acrylate pol- 
ymer) is generally a material excellent in flexibility, imparting the ester the acrylic acid ester polymer with crystallizability 
makes it possible to provide a material having both excellent flexibility and excellent heat resistance or chemical resist- 
ance. In the case of block copolymerization, at a low polymerization temperature of the acrylic acid ester (a) upon for- 
mation of the polymer block (A), the resulting polymer block (A) tends to have improved stereoregularity, which makes 
it possible to prepare a block copolymer having the polymer block (A) with crystallizability, that is, a block copolymer with 
crystallizability. In the block copolymer having an acrylic acid ester polymer block, the acrylic acid ester polymer block 
contributes to the exhibition of flexibility (particularly, a primary alkyl acrylate polymer block makes a large contribution) 
so that it is possible to impart the block copolymer with excellent chemical resistance or high breaking strength by 
imparting the acrylic acid ester polymer block with crystallizability. The physical properties of the block copolymer with 
crystallizability differs largely with its melting point as a boundary and it is also possible to impart it with a desired ther- 
mal responsive function by making use of its crystallinity ratio, crystallization rate and crystallization temperature. 
[0062] In order to prepare an acrylic acid ester polymer with crystallizability or block copolymer with crystallizability, it 
is preferred to adjust the polymerization temperature of the acrylic acid ester (in the case of block copolymerization, the 
polymerization temperature of the acrylic acid ester (a)) to -40°C or less. Although there is no lower limit in the polym- 
erization temperature from the viewpoint of the exhibition of crystallizability, it is preferred to adopt a temperature within 
a range of -100°C to -40°C in consideration of the anionic activity at a growing species end, polymerization rate, cooling 
cost or the like, with a range of -80°C to -50°C being more preferred. If the acrylic acid ester is polymerized at -40°C or 
less as described above, the resulting crystalline acrylic acid ester polymer (in the case of block copolymerization, the 
resulting polymer block (A)) generally has a syndiotactic triad (rr) of at least 35%. If exhibition of higher crystallizability 
is desired, the syndiotacticity of the acrylic acid ester polymer (or syndiotacticity of the polymer block (A)) is preferably 
at least 40% in terms of syndiotactic triad (rr). The syndiotacticity of the acrylic acid ester polymer (in the case of the 
block copolymer (C), syndiotacticity of the polymer block (A)) is expressed by an area ratio of a peak around 64.35 ppm 
belonging to the syndiotactic triad (rr) relative to the sum of the areas of the peak belonging to syndiotactic triad (rr), a 
peak around 64.43 ppm belonging to heterotactic triad (rm) and a peak around 64.56 ppm belonging to isotactic triad 
(mm), each found by the 13 C-NMR measurement of the polymer in the form of a solution of deuterated chloroform. 
[0063] The crystallizability of the acrylic acid ester polymer (or block copolymer) can be confirmed by a known method 
such as measurement by DSC (differential scanning calorimeter), measurement by X-ray diffraction and observation 
through an optical microscope. In the confirmation through measurement by DSC, for example, the polymer is judged 
to have crystallizability when an endothermic peak (peak derived from melting of crystals) is observed upon heating at 
a rate of 10 °C/min from -150°C to +200°C in a nitrogen gas stream and an exothermic peak (peak derived from crys- 
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tallization) is observed upon temperature decrease at a rate of 10 "C/min from +200°C to -150°C. 
[0064] Accordingly, the block copolymer (C) available by the process of the present invention embraces a block copol- 
ymer which comprises at least one polymer block (A) and at least one polymer block (B) and in differential scanning 
calorimetry, exhibits an endothermic peak during heating, a block copolymer which comprises at least one polymer 
5 block (A) and at least one polymer block (B), said polymer block (A) having stereoregularity of at least 35% as 
expressed in terms of a content of syndiotactic triads (rr). 

[0065] When the block copolymer (C) is prepared, in the formation stage of the polymer block (B) after the beginning 
of the polymerization [that is, the stage of adding the (meth)acrylic monomer (b) to the growing end composed of the 
(meth)acrylic monomer (b)], suitable polymerization temperature varies depending on the kind of the (meth)acrylic 

w monomer (b) to be employed, however, a temperature within a range of -100°Cto+100°C is preferred in order to attain 
both the high activity of the polymer end anion composed of. the (meth)acrylic monomer (b) and high polymerization 
rate, with a temperature within a range of from -60°C to +60°C being more preferred. In the initial stage of switchover 
from the formation reaction of the polymer block (A) to the polymerization of the (meth)acrylic monomer (b) [for exam- 
ple, the stage where the polymerization ratio of the acrylic acid ester (a) approaches 100% and the (meth)acrylic mon- 

is omer (b) is added to the polymerization system], the temperature of the polymerization system is preferably adjusted to 
40°C or less for heightening the block efficiency, with a temperature of 20°C or less being more preferred. Although 
there is no lower limit in the temperature at the initial stage of the switchover, it is advantageous not to decrease the 
temperature to -100"C or less, because excessively low temperature is industrially disadvantageous from the view- 
points of cooling cost, polymerization rate or the like. 

20 [0066] Concerning the polymerization time, suitable time may be adopted as needed depending on the various con- 
ditions such as kind of the monomer, kind of the organic solvent, kind of the organolithium compound, kind of the orga- 
noaluminum compound (I), polymerization temperature, molecular weight of the target acrylic acid ester polymer, the 
concentration of the monomer in the organic solvent and the like. Too short polymerization time increases the ratio of 
the unreacted monomer, while unnecessarily long polymerization time reduces the productivity, so that polymerization 

25 time within a range of several seconds to 1 00 hours is preferred. For the preparation of the block copolymer (C), unnec- 
essarily long polymerization time for the formation of a polymer block tends to deactivate the growing anionic end of the 
resulting polymer. This deactivating tendency is particularly eminent in the polymer end composed of the acrylic acid 
ester (a). In the case of block copolymerization, it is particularly preferred to complete each polymerization step within 
a time which permits at least 90% of the conversion of the monomer but does not allow the deactivation of a polymer 

30 end anion as much as possible. 

[0067] In the preparation of the acrylic acid ester polymer on an industrial scale, it is difficult to completely prevent the 
partial deactivation of a polymerization initiator, so that the acrylic acid ester polymer having a desired molecular weight 
cannot always be prepared even by the polymerization in accordance with the present invention by using the polymer- 
ization initiator and monomer at a ratio stoichiometrically calculated based on the desired molecular weight. In order to 

35 industrially prepare an acrylic acid ester polymer having a predetermined average molecular weight with particularly 
high reproducibility, it is preferred to carry out polymerization in two stages as described below. Described specifically, 
an acrylic acid ester polymer having a desired molecular weight can be prepared with high reproducibility by polymer- 
izing a smaller amount of a monomer than the necessary amount stoichiometrically calculated based on the amount of 
the polymerization initiator (organolithium compound), thereby forming its living polymer in the reaction system; and - 

•to after measuring the molecular weight of the living polymer, calculating the number of moles of the living polymer based 
on the molecular weight of the living polymer and amount of the monomer, and calculating the additional amount of the 
monomer based on the molecular weight and the number of moles of the living polymer and the desired molecular 
weight of the final target polymer - polymerizing said additional amount of the monomer with the living polymer. 
[0068] In the present invention, it is possible to terminate polymerization by adding a polymerization terminator to the 

45 reaction mixture when the target acrylic acid ester polymer has been formed by the polymerization. Examples of the 
polymerization terminator include protic compounds such as methanol, acetic acid and a methanol solution of hydro- 
chloric acid. Although no particular limitation is imposed on the amount of the polymerization terminator, it is preferred 
to use it in an amount within a range of from 1 to 100 moles per mole of the organolithium compound used as a polym- 
erization initiator. 

so [0069] In the present invention, a so-called "star type" or "multiarm type" acrylic acid ester polymer can be prepared 
by adding a polyfunctional acrylic acid ester or methacrylic acid ester to the reaction system at a stage after the com- 
pletion of all the predetermined polymerization reactions but before the addition of a polymerization terminator. It is also 
possible to add to the reaction system a functionalizing agent (ex. aldehyde, lactone or carbon dioxide) or a small 
amount of a functional group-containing anionic polymerizable monomer (ex. glycidyl methacrylate) at a stage after the 

55 completion of all the predetermined polymerization reactions but before the addition of a polymerization terminator. In 
this case, an acrylic acid ester polymer having at the end of the molecular chain a functional group such as hydroxy!, 
carboxyl or epoxy can be obtained. Polymerization in the presence of a monofunctional anionic polymerization initiator 
permits the preparation of an acrylic acid ester polymer having at one end thereof a functional group, while that in the 
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presence of a Afunctional anionic polymerization initiator permits the preparation of an acrylic acid ester polymer hav- 
ing at both ends thereof functional groups. 

[0070] If metal components derived from the organolithium compound or organoaluminum compound (I) remain in 
the acrylic acid ester polymer obtained by separation from the reaction mixture after the termination of polymerization, 

.5 they happen to cause inconveniences such as deterioration in the physical properties (such as tackiness or adhesion 
force) and poor transparency (such as poor appearance or color development) of the acrylic acid ester polymer, or a 
material (ex. pressure sensitive adhesive or adhesive) or molded or formed product formed therefrom. According to the 
using purpose of the acrylic acid ester polymer, it is therefore preferred to remove the metal compound derived from the 
organolithium compound and organoaluminum compound (I) after completion of the polymerization. For the removal of 

10 the metal compound, it is effective to subject the acrylic acid ester polymer to cleaning treatment such as washing treat- 
ment with an acidic aqueous solution or adsorption treatment using an ion exchange resin or the like as an adsorbent. 
The organoaluminum compound (I) is easily converted into aluminum hydroxide as a result of its reaction with moisture 
in the air, even after the termination of the polymerization. The aluminum hydroxide once formed cannot be removed 
easily, because it is sparingly insoluble in either of an acidic aqueous solution or an alkali aqueous solution. Accordingly, 

15 it is preferred to wash the acrylic acid ester polymer (also in the form of a reaction mixture) with an acidic aqueous solu- 
tion as immediately as possible after the termination of the polymerization, whereby metal components can be removed 
with high efficiency. Examples of the acidic aqueous solution include hydrochloric acid and respective aqueous solu- 
tions of sulfuric acid, nitric acid, acetic acid, propionic acid and citric acid. 

[0071 ] There is no particular limitation imposed on the method for separating and obtaining the acrylic acid ester pol- 
20 ymer from the reaction mixture after polymerization is terminated and any method in accordance with a known method 
can be adopted. Examples include a method of precipitating an acrylic acid ester polymer by pouring the reaction mix- 
ture into a poor solvent of the acrylic acid ester polymer and a method of obtaining an acrylic acid ester polymer by dis- 
tilling off the solvent from the reaction mixture. 

[0072] According to the process of the present invention, an acrylic acid ester polymer having any molecular weight 

25 can be prepared. Although the molecular weight of the available acrylic acid ester polymer ranges widely, but a number 
average molecular weight of from 1000 to 1000000 is generally preferred from the viewpoints of handling properties, 
fluidity, compatibility with another polymer (ex. acrylic resin, polyvinyl chloride) resin or fluororesin), coating properties, 
adhesion properties, tackiness or the like of the acrylic acid ester polymer. The process of the present invention gener- 
ally provides an acrylic acid ester polymer having highly uniform molecular weight (that is, narrow molecular weight dis- 

30 tribution) and its molecular weight distribution (Mw/Mn) is often 1 .5 or less. 

[0073] Upon preparation of the block copolymer (C) as a target acrylic acid ester polymer according to the present 
invention, no particular limitation is imposed on the number of polymer blocks, arrangement of polymer blocks, molec- 
ular weight and stereoregularity of each polymer block and molecular weight of the whole block copolymer. In order to 
prepare a block copolymer which can particularly exhibit properties as a thermoplastic elastomer, it is preferred to make 

35 the block copolymer to have a triblock or higher block structure composed of at least one polymer block (A) and at least 
two polymer blocks (B). For preparing a block copolymer having excellent heat resistance, it is preferred to render the 
polymer block (B) to have stereoregularity of at least 70% as expressed in terms of a content of syndiotacticity triads, 
with 80% being more preferred. For this purpose, use mainly of a methacrylic acid ester as the (meth)acrylic monomer 
(b) is preferred. The stereoregularity of the polymer block (A) can be adjusted, as described above, by the polymeriza- 

40 tion temperature of the acrylic acid ester (a) and a content of syndiotacticity triads can be adjusted even to at least 35%. 
[0074] In the preparation of the block copolymer (C), although the molecular weights of each polymer block and the 
whole block copolymer can be adjusted as needed depending on the using purpose or the like, the polymer block (A), 
the polymer block (B) and the whole block copolymer preferably have number average molecular weights ranging from 
1000 to 1000000, 1000 to 1000000 and 3000 to 3000000, respectively from the viewpoints of moldability or formability, 

45 handling properties, mechanical properties, compatibility with another polymer (for example, acrylic resin, polyvinyl 
chloride resin, fluororesin or the like), fine dispersibility, adhesion properties, tackiness or the like of the resulting block 
copolymer. Concerning the block copolymer (C) available by the process of the present invention, although no particular 
limitation is imposed on the ratio (Mw/Mn) of the weight average molecular weight (Mw) to the number average molec- 
ular weight (Mn) of the whole block copolymer, the present invention makes it possible to prepare a block copolymer 

so having an Mw/Mn ratio falling within a range of from 1 .0 to 1 .5 and thus having a highly uniform molecular weight distri- 
bution. Moreover, a block copolymer having an Mw/Mn ratio falling within a range of from 1 .0 to 1 .3 can also be pre- 
pared. 

[0075] The acrylic acid ester polymer available by the process of the present invention is useful as a raw material for 
an adhesive, pressure-sensitive adhesive, paint, foam, cushioning medium, vibration damper, insulation, sealant, seal- 
55 ing material or the like or an additive, owing to its excellent transparency, chemical resistance, weather resistance, flex- 
ibility and handling properties. In addition, the acrylic acid ester polymer available by the process of the present 
invention can, when added to a thermoplastic resin, thermosetting resin or the like used for various molded or formed 
products in the electric or electronic field, automotive field or medical field, improve the impact resistance, coating prop- 
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erties, printability, weather resistance or the like of the resin. It is also usable as a compatibilizer between plural resins. 
When molded or formed, the acrylic acid ester polymer obtainable by the process according to the present invention 
can exhibit excellent mechanical properties owing to its uniform molecular weight distribution, while it can exhibit excel- 
lent moldability or formability when added to another thermoplastic resin. When the acrylic acid ester polymer which is 

5 available by the process of the present invention has a functional group at one end or both ends of its main chain, the 
polymer can be used as a raw material component for a polymer such as polyester, polyurethane, polyamide or poly- 
imide. When the acrylic acid ester polymer available by the process of the present invention has a polymerizable vinyl 
group at one end or both ends of its main chain, the polymer can be used as a macromonomer or crosslinking agent. 
[0076] The block copolymer (C) available by the process of the present invention is thermoplastic and excellent in 

w moldability or formability and handling properties so that it can be subjected to various molding or forming processes 
such as melt processing, thermoforming and thermal processing typified by injection molding, extrusion, compression 
molding, cast molding, blow molding, flow casting, vacuum forming and the like. In addition, the block copolymer (C) 
has flexibility and elasticity and can permit exhibition of excellent mechanical properties, transparency, chemical resist- 
ance, weather resistance, heat resistance, printability, setting property, tackiness, adhesion properties or the like. The 

is block copolymer (C) is therefore usable effectively as a molded or formed product, cushioning material or medium, insu- 
lation, acoustic insulation material, adhesive, pressure-sensitive adhesive, a modifier for improving the impact resist- 
ance or the like of a resin or a compatibilizer to improve the compatibility between plural resins. 
[0077] Upon use of the acrylic acid ester polymer available by the process of the present invention for various pur- 
poses, a deterioration preventing agent such as antioxidant or ultraviolet absorber, a plasticizer, a stabilizer, a thickener, 

20 a resin such as a tackif ier resin or oligomer, a colorant, a pigment or an extender may be added to the acrylic acid ester 
polymer. 

[0078] In the present invention, as described above, since an acrylic acid ester such as a primary alkyl acrylate can 
be polymerized by anionic polymerization while attaining both a high polymerization rate and high living properties even 
without a solvent involving a problem in its handling properties, the corresponding acrylic acid ester polymer having a 

25 desired molecular weight and narrow molecular weight distribution can be prepared with good reproducibility, smoothly 
and industrially advantageously. In the present invention, if an acrylic acid ester and another acrylic or methacrylic mon- 
omer (ex. a methacrylic acid ester) different in the chemical structure are used as monomers, the monomers can be 
block-copolymerized at high block efficiency even without a solvent involving a problem in handling properties, whereby 
the corresponding block copolymer can be prepared safely, smoothly and industrially advantageously. 

30 [0079] The present invention will hereinafter be described more specifically by examples. It should be however borne 
in mind that the present invention is not limited by the examples. 

Referential Example 1 

35 [Preparation of an organoaluminum compound (I): isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0080] In a flask having an internal volume of 200 ml and an internal atmosphere purged with nitrogen, 34 ml of dry 
toluene obtained by drying over sodium and distilling under a nitrogen atmosphere and 1 1.02 g of 2,6-di-t-butyl-4-meth- 
ylphenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution. 6.31 ml of 
40 triisobutylaluminum was added. The resulting mixture was stirred at 80°C for about 18 hours, whereby a toluene solu- 
tion containing 0.5 mol/l of the intended organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)alu- 
minum] was prepared. 

Referential Example 2 

45 

[Preparation of an organoaluminum compound (I): n-octylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0081] In a flask having an internal volume of 200 ml and an internal atmosphere purged with argon, 31 ml of dry tol- 
uene obtained by drying over sodium and distilling under an argon atmosphere and 1 1 .02 g of 2,6-di-t-butyl-4-methyl- 
50 phenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution, 9.1 7 g of tri- 
n-octylaluminum was added. The resulting mixture was stirred at 80°C for about 18 hours, whereby a toluene solution 
containing 0.5 mol/l of the intended organoaluminum compound (I) [n-octylbis(2.6-di-t-butyl-4-methylphenoxy)alumi- 
num] was prepared. 

55 
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Referential Example 3 

[Preparation of an organoaluminum compound: ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0082] In a flask having an internal volume of 200 ml and an internal atmosphere purged with argon, 36 ml of dry tol- 
uene obtained by drying over sodium and distilling under an argon atmosphere and 1 1 .02 g of 2,6-di-t-butyl-4-methyl- 
phenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution, 3.42 ml of 
triethylaluminum was added. The resulting mixture was stirred at 80°C for about 18 hours, whereby a toluene solution 
containing 0.5 mol/l of the intended organoaluminum compound [ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 
was prepared. 

Referential Example 4 

[Preparation of an organoaluminum compound: diisobutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0083] In a flask having an internal volume of 200 ml and an internal atmosphere purged with nitrogen, 39 ml of dry 
toluene obtained by drying over sodium and distilling under a nitrogen atmosphere and 5.51 g of 2,6-di-t-butyl-4-meth- 
ylphenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution, 6.31 ml of 
triisobutylaluminum was added. The resulting mixture was stirred at 80°C for about 18 hours, whereby a toluene solu- 
tion containing 0.5 mol/l of the intended organoaluminum compound [diisobutyl(2,6-di-t-butyl-4-methylphenoxy)alumi- 
num] was prepared. 

Referential Example 5 

[Preparation of an organoaluminum compound: methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0084] In a flask having an internal volume of 200 ml and an internal atmosphere purged with argon, 37 ml of dry tol- 
uene obtained by drying over sodium and distilling under an argon atmosphere and 1 1 .02 g of 2,6-di-t-butyl-4-methyl- 
phenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution, 2.40 ml of 
trimethylaluminum was added. The resulting mixture was stirred at 80°C for about 18 hours, whereby a toluene solution 
containing 0.5 mol/l of the intended organoaluminum compound [methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 
was prepared. 

Referential Example 6 

[Preparation of an organoaluminum compound (I): tris(2,6-diphenylphenoxy)aluminum] 

[0085] In a flask having an internal volume of 200 ml and an internal atmosphere purged with argon, 30 ml of dry 
methylene chloride obtained by drying by molecular sieves and distilling under an argon atmosphere and 4.43 g of 2,6- 
diphenylphenol were charged, followed by dissolution while stirring at room temperature. To the resulting solution, 6.0 
ml of a hexane solution (concentration: 1 .0 mol/lj of trimethylaluminum was added. The resulting mixture was stirred at 
80°C for about 18 hours, whereby a solution containing 0.17 mol/l of the intended organoaluminum compound (I) 
[tris(2,6-diphenylphenoxy)aluminum] was prepared. 

Example 1 

[Preparation of crystalline poly(n-butyl acrylate) by using isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0086] In a Schlenk's tube having an internal volume of 1 20 ml and an internal atmosphere purged with argon, 1 4 ml 
of dry toluene was charged. After cooling to -78 <> C, 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of the orga- 
noaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Ref- 
erential Example 1 was added. To the resulting mixture, 0.12 ml of a pentane solution (concentration: 1 .6 mol/l) of t-butyl 
lithium was added, followed by stirring. To the reaction mixture, 1 .9 g of n-butyl acrylate was added. After the resulting 
mixture was polymerized for 1 0 minutes, about 0.02 ml of methanol was added thereto to terminate the polymerization. 
[0087] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of n-butyl acrylate was at least 98%. 

[0088] The remaining portion of the resulting solution was poured into methanol and the white precipitate so formed 
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was collected. The precipitate was dissolved in tetrahydrofuran. As a result o< measurement by gel permeation chroma- 
tography (hereinafter be referred to as "GPC") of the resulting solution, poly(n-butyl acrylate) so obtained exhibited a 
single peak, had a number-average molecular weight (Mn) of 1 1 600 in terms of polystyrene and had a molecular weight 
distribution (Mw/Mn) of 1 .08. In addition, as a result of analysis of the poly(n-butyl acrylate) by 13 C-NMR, it had a 55% 
5 content of syndiotactic triads (rr). By the DSC measurement of the poly(n-butyl acrylate), an endothermic peak was 
confirmed at 52°C while spherulites were confirmed by the observation through an optical microscope (the crystals 
were melted by heating to about 70°C). Based on the above findings, it was therefore confirmed that the poly(n-butyl 
acrylate) had crystallizablility. 

w Comparative Example 1 

[Preparation of poly(n-butyl acrylate) by using ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0089] In a similar manner to Example 1 except that the toluene solution of an organoaluminum compound was 
is replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound [ethylbis(2,6-di-t- 
butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 3, polymerization was con- 
ducted and then terminated. 

[0090] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, it was found that the polymerization ratio of n-butyl acrylate was only about 4%. 

20 ' 

Comparative Example 2 

[Preparation of poly(n-butyl acrylate) by using ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

25 [0091 ] In a similar manner to Example 1 except that the toluene solution of an organoaluminum compound was 
replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound [ethylbis(2,6-di-t- 
butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 3 and polymerization time was 
changed from 10 minutes to 1 hour, polymerization was conducted and then terminated. 

[0092] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
30 measurement of the resulting solution, it was found that the polymerization ratio of n-butyl acrylate was about 21%. 

Comparative Example 3 

[Preparation of crystalline poly(n-butyl acrylate) by using ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

35 

[0093] In a similar manner to Example 1 except that the toluene solution of an- organoaluminum compound was 
replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound [ethylbis(2,6-di-t- 
butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 3 and polymerization time was 
changed from 10 minutes to 22 hours, polymerization was conducted and then terminated. 

-to [0094] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, it was found that the polymerization ratio of n-butyl acrylate was 98% or greater. 
[0095] The remaining portion ofthe solution was poured into methanol and the white precipitate so formed was col- 
lected. The precipitate was dissolved in tetrahydrofuran, followed by GPC measurement. As a result, it was found that 
the resulting poly(n-butyl acrylate) exhibited a single peak, had a number-average molecular weight (Mn) of 1 1200 in 

45 terms of polystyrene and had a molecular weight distribution (Mw/Mn) of 1 .26. In addition, by the DSC measurement of 
the resulting poly(n-butyl acrylate), an endothermic peak was confirmed at 50°C while spherulites were confirmed by 
the observation through an optical microscope (the crystals were melted by heating to about 70°C). Based on the above 
findings, it was confirmed that the resulting poly(n-butyl acrylate) had crystallizability. 

so Comparative Example 4 

[Preparation of poly(n-butyl acrylate) by using diisobutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0096] In a similar manner to Example 1 except that temperature was changed from -78°C to -30°C; the toluene solu- 
55 tion of an organoaluminum compound was replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an 
organoaluminum compound [diisobutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Ref- 
erential Example 4; and polymerization time was changed from 10 minutes to 24 hours, polymerization was conducted ' 
and then terminated. 
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[0097] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of H-NMR 
measurement of the resulting solution, it was found that n-butyl acrylate was hardly polymerized and the polymerization 
ratio of n-butyl acrylate was 3% or less. 

5 Comparative Example 5 

[Preparation of poly(n-butyl acrylate) by using methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[0098] In a similar manner to Example 1 except that the toluene solution of an organoaluminum compound was 
io replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound [methylbis(2,6-di- 
t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 5; polymerization temperature 
was changed from -78°C to -60°C; and polymerization time was changed from 1 0 minutes to 24 hours, polymerization 
was conducted and then terminated. 

[0099] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
15 measurement of the resulting solution, it was found that the polymerization ratio of n-butyl acrylate was 68%. 

[0100] The remaining portion of the solution was poured into methanol and the white precipitate so formed was col- 
lected. The precipitate was dissolved in tetrahydrofuran, followed by GPC measurement. As a result, it was found that 
the resulting poly(n-butyl acrylate) exhibited a single peak, had a number-average molecular weight (Mn) of 10500 in 
terms of polystyrene and had a molecular weight distribution (Mw/Mn) of 1 .72. 

20 

Example 2 

[Preparation of amorphous poly(n-butyl acrylate) by using isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

25 [0101] In a similar manner to Example 1 except that the temperature was changed from -78°C to -30°C, polymeriza- 
tion was conducted and then terminated. 

[0102] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of n-butyl acrylate was 98% or greater. 

30 [01 03] The remaining portion of the solution was poured into methanol to cause precipitation. The resulting white pre- 
cipitate was dissolved in tetrahydrofuran, followed by GPC measurement. As a result, it was found that the resulting 
poly(n-butyl acrylate) exhibited a single peak, had a number-average molecular weight (Mn) of 17700 in terms of poly- 
styrene and had a molecular weight distribution (Mw/Mn) of 1.15. In addition, as a result of 13 C-NMR analysis of the 
poly(n-butyl acrylate), the polymer was found to have a 33% content of syndiotactic triad (rr). By DSC measurement of 

35 the poly(n-butyl acrylate), no endothermic peak was observed so that the polymer was found to be amorphous. 

Example 3 

[Preparation of amorphous poly(n-butyl acrylate) by using n-octylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

40 

[0104] In a similar manner to Example 1 except that the temperature was changed from -78°C to -30"C; and the tol- 
uene solution of an organoaluminum compound was replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) 
of an organoaluminum compound (I) [n-octyl(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to 
Referential Example 2, polymerization was conducted and then terminated. 
45 [01 05] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of n-butyl acrylate was 98% or greater. 

[01 06] The remaining portion of the solution was poured into methanol to cause precipitation. The resulting white pre- 
• cipitate was dissolved in tetrahydrofuran, followed by GPC measurement. As a result, it was found that the resulting 
so poly(n-butyl acrylate) exhibited a single peak, had a number-average molecular weight (Mn) of 21000 in terms of poly- 
styrene and had a molecular weight distribution (Mw/Mn) of 1.13. In addition, as a result of 13 C-NMR analysis of the 
poly(n-butyl acrylate), the polymer was found to have a 36% content of syndiotactic triads (rr). By DSC measurement 
of the poly(n-butyl acrylate), no endothermic peak was observed so that the polymer was found to be amorphous. 

55 
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Example 4 

[Preparation of poly(2-ethylhexyl acrylate) by using isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum (including 
washing treatment)] 

5 

[0107] In a similar manner to Example 1 except that the temperature was changed from -78°C to -30°C; a monomer 
employed was changed from n-butyl acrylate to 2-ethylhexyl acrylate (using amount: 1.9 g); and polymerization time 
was changed from 10 minutes to 3 hours, polymerization was conducted and then terminated. 
[0108] To the resulting solution, 10 ml of 1 N dilute sulfuric acid was added, followed by stirring. The reaction mixture 
10 was separated and an organic layer was collected. The organic layer thus collected was subjected to a series of wash- 
ing operation five times, said operation comprising addition of water (10 ml), stirring, separation and removal of the 
water layer. 

[0109] The solution after the above-described operation was poured into methanol to cause precipitation. The result- 
ing white precipitate was collected and vacuum dried, whereby the solvent was removed completely. The poly(2-ethyi- 

is hexyl acrylate) thus obtained was a colorless transparent liquid substance and contained substantially no metal 
components. The yield of the collected poly(2-ethylhexyl acrylate) was 97%, revealing that the polymerization pro- 
ceeded substantially stoichiometrically. The poly(2-ethylhexyl acrylate) was dissolved in tetrahydrofuran, followed by 
GPC measurement. As a result, it was found that the resulting poly(2-ethylhexyl acrylate) exhibited a single peak, had 
a number-average molecular weight (Mn) of 11600 in terms of polystyrene and had a molecular weight distribution 

20 (Mw/Mn)of 1.14. 

[01 1 0] The results obtained in Examples 1 to 4 and Comparative Examples 1 to 5 and also main polymerization con- 
ditions employed are shown in Table 1 . 



Table 1 







Polymerization conditions 


Results of polymerizati 


on 


30 




Organo-alu- 
minum com- 
pound 


Organo- 
lithium 
com- 
pound 


Acrylic 
acid ester 


Temp. 


Polymeri- 
zation 
time 


Polymeri- 
zation 
ratio 


Molecular wt. of 
polymer 


Proper- 
ties of 
polymer 


















Mn 


Mw/Mn 






Ex. 1 


iBAI(BHT)2 


t-Buli 


nBA 


-78°C 


10 min 


>98% 


11600 


1.08 


crystal- 
line 


35 




















(rr=55%) 




Ex.2 


iBAI(BHT)2 


t-BuLi 


nBA 


-30°C 


10 min 


£98% 


17700 


1.15 


amor- 
phous 
(rr=33%) 


40 


Ex.3 


riOAI(BHT)2 


t-BuLi 


nBA 


-30°C 


10 min 


£98% 


21000 


1.13 


amor- 
phous 
(rr=36%) 


45 


Ex.4 


iBAI(BHT)2 


t-BuU 


2-EHA 


-30°C 


3 hours 


.97% 


11600 


1.14 


color- 
less, 
transpar- 
ent liquid 




Comp. 
Ex.1 


EtAI(BHT)2 


t-BuLi 


nBA 


-78°C 


10 min 


4% 








50 


Comp. 
Ex.2 


EtAI(BHT)2 


t-BuLi 


nBA 


-78°C 


1 hour 


21% 








55 


Comp. 
Ex.3 


EtAI(BHT)2 


t-BuLi 


nBA 


-78°C 


22 hours 


>98% 


11200 


1.26 


crystal- 
line (rr- 
53%) 




Comp. 
Ex.4 


iB2AI(BHT) 


t-BuLi 


nBA 


-30°C 


24 hours 


£3% 
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Table 1 (continued) 







Polymerization conditions 


Results of polymerization 


s 




Organo-alu- 
minum com- 
pound 


Organo- 
lithium 
com- 
pound 


Acrylic 
acid ester 


Temp. 


Polymeri- 
zation 
time ■ 


Polymeri- 
zation 
ratio 


Molecular wt. of 
polymer 


Proper- 
ties of 
polymer 


















Mn 


Mw/Mn 




10 


Comp. 
Ex.5 


MeAI(BHT)2 


t-BuLi 


nBA 


-60°C 


24 hours 


68% 


10500 


1.72 





[0111] Abbreviations in Table 1 have the following meanings. 



15 iBAI(BHT)2: isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum 

nOAI(BHT)2: n-octylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum 

EtAI(BHT)2: ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum 

MeAI(BHT)2: methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum 

iB2AI(BHT):diisobutyl(2,6-di-t-butyl-4-methylphenoxy)aluminum 
20 t-BuLi: t-butyl lithium 

nBA: n-butyl acrylate 

2-EHA: 2-ethylhexyl acrylate 

[0112] From Table 1, it has been understood that in the preparation examples of an acrylic acid ester polymer in 
25 Examples 1 to 4, according to the present invention, a polymer having a uniform molecular weight distribution can be 
prepared at a high polymerization ratio even in a relatively short polymerization time. It has also been found that at a 
relatively low polymerization temperature (Example 1 ), an acrylic acid ester polymer having crystallizability can be pre- 
pared. 

[01 1 3] It was found, on the other hand, that in the preparation examples of an acrylic acid ester polymer in Compar- 
30 ative Examples 1 to 5, which are different in the chemical structure of the organoaluminum compound from the present 
invention, a high polymerization ratio requires long polymerization time. It has also been found that the acrylic acid ester 
polymer obtained in each of Comparative Examples 3 and 5 tends to be a little inferior in the uniformity of the molecular 
weight distribution to that obtained according to the present invention. 

35 Example 5 

[Preparation of poly(n-butyl acrylate) by two-stage polymerization operation using isobutylbis(2,6-di-t-butyl-4-methyl- 
phenoxy)aluminum] 

40 [0114] 

(1) In a Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 64 ml 
of dry toluene was charged. After cooling to -30°C, 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of the 
organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner 

45 to Referential Example 1 was added. To the resulting mixture, 0.12 ml of a pentane solution (concentration: 1.6 
mol/l) of t-butyl lithium was added, followed by stirring. To the reaction mixture, 1 .9 g of n-butyl acrylate was added. 
The resulting mixture was polymerized for 1 0 minutes. 

A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicat- 

50 ing that the polymerization ratio of the n-butyl acrylate was at least 98%. The sample was poured into methanol and 
the white precipitate so formed was collected and dissolved in tetrahydrofuran. As a result of measurement by GPC 
of the resulting solution, it was found that the poly(n-butyl acrylate) thus obtained exhibited a single peak, had a 
number-average molecular weight (Mn) of 18800 in terms of polystyrene and had a molecular weight distribution 
(Mw/Mn) of 1.16. 

55 (2) After the remaining portion of the solution was retained for one hour at -30°C under stirring, 5.7 g of n-butyl acr- 
ylate was added further and the resulting mixture was polymerized at -30°C for 3 hours. The polymerization was 
then terminated by the addition of about 0.02 ml of methanol. 

A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
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measurement of the resulting solution, it was found that the polymerization ratio of the additional n-butyl acrylate 
was about 45%. 

The remaining portion of the solution was poured into methanol and the white precipitate so formed was col- 
lected and dissolved in tetrahydrofuran. As a result of measurement by GPC of the resulting solution, it was found 
5 that the poly(n-butyl acrylate) thus obtained exhibited a peak having a slight shoulder part on the low-molecular 
weight side, had a number-average molecular weight (Mn) of 27800 in terms of polystyrene and had a molecular 
weight distribution (Mw/Mn) of 1 .60. The GPC chart of the poly(n-butyl acrylate) thus obtained is shown in FIG. 1 . 

Comparative Example 6 

TO 

[Preparation of poly(n-butyl acrylate) by two-stage polymerization operation using ethylbis(2,6-di-t-butyl-4-methylphe- 
noxy)aluminum] 

[0115] 

(1) In a similar manner to the step (1) of Exampie 5 except that the toluene solution of an organoaluminum com- 
pound was replaced by 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound 
[ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] which had been prepared in a similar manner to Referential 
Example 3, the first-stage polymerization was carried out. 

20 A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 

measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicat- 
ing that the polymerization ratio of the n-butyl acrylate was at least 98%. The sample was poured into methanol and 
the white precipitate so formed was collected and dissolved in tetrahydrofuran. As a result of measurement by GPC 
of the resulting solution, it was found that the poly(n-butyl acrylate) thus obtained exhibited a peak having a shoul- 

25 der part on the lower molecular weight side, had a number-average molecular weight (Mn) of 1 9000 in terms of pol- 
ystyrene and had a molecular weight distribution (Mw/Mn) of 1 .35. 

(2) After the remaining portion of the solution was retained for one hour at -30°C under stirring, 5.7 g of n-butyl acr- 
ylate was added further and the resulting mixture was polymerized at -30°C for 3 hours. The polymerization was 
then terminated by the addition of about 0.02 ml of methanol. 

30 A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 

measurement of the resulting solution, it was found that the polymerization ratio of the additional n-butyl acrylate 
was about 42%. 

The remaining portion of the solution was poured into methanol and the white precipitate so formed was col- 
lected and dissolved in tetrahydrofuran. As a result of measurement by GPC of the resulting solution, the poly(n- 

35 butyl acrylate) thus obtained exhibited double peaks, had a number-average molecular weight (Mn) of 27300 in 
terms of polystyrene and had a molecular weight distribution (Mw/Mn) of 1.96, indicating that a polymer having a 
uniformly controlled molecular weight distribution was not obtained. The GPC chart of the poly(n-butyl acrylate) 
thus obtained is shown in FIG. 2. On the low molecular weight side, there exists a peak corresponding to the poly(n- 
butyl acrylate) obtained by the first-stage polymerization in the step (1 ), indicating that the deactivation of the living - 

40 polymer [poly(n-butyl acrylate)], which had been formed by the first-stage polymerization, occurring until the begin- 
ning of the second-stage polymerization is not negligible. 

[01 1 6] From the comparison between the preparation example of the acrylic acid ester polymer in Example 5, accord- 
ing to the present invention, and that of the acrylic acid ester polymer in Comparative Example 6, differing from the 
45 present invention in the chemical structure of the organoaluminum compound employed, it becomes apparent that 
because of high living properties (which means a long life of the anionic active end of the living polymer in the reaction 
system), the polymerization reaction according to the present invention is suited to the two-stage polymerization. 

Example 6 

50 

[Preparation of poly(n-butyl acrylate) by continuous monomer feeding polymerization process by using isobutylbis(2,6- 
di-t-butyl-4-methylphenoxy)aluminum] 

[01 17] In an autoclave having an internal volume of 1 0 liters and an internal atmosphere purged with argon, 3.5 liters 
55 of dry toluene was charged, followed by the addition of 230 ml of a toluene solution (concentration: 0.5 mol/l) of an orga- 
noaluminum compound (I) psobutytbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Ref- 
erential Example 1 . The resulting solution was cooled to -30°C on a cooling bath of -35°C. Then, 6.5 ml of a pentane 
solution (concentration: 1.6 mol/l) of t-butyl lithium was added, followed by stirring for 20 minutes. While stirring the 
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resulting solution, 300 g of n-butyl acrylate was added at a rate of 10 ml/min (time required for addition: 33 minutes). 
After the completion of the addition, stirring was continued for further 10 minutes, whereby polymerization was effected. 
Just after the addition of n-butyl acrylate was started, the internal temperature showed an increase and during the 
polymerization, the temperature increased to -24°C at the maximum. To the reaction system, 30 ml of methanol was 
added to terminate the reaction. 

[01 1 8] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of the n-butyl acrylate was at least 98%. 

[01 19] The sample was poured into methanol and the white precipitate so formed was collected and dissolved in tet- 
rahydrofuran. As a result of measurement by GPC of the resulting solution, it was found that the poly(n-butyl acrylate) 
thus obtained exhibited a single peak, had a number-average molecular weight (Mn) of 49400 in terms of polystyrene 
and had a molecular weight distribution (Mw/Mn) of 1.05. The GPC chart of the poly(n-butyl acrylate) so obtained is 
shown in FIG. 3. The GPC chart has revealed that components having a molecular weight as low as 1 0000 or less were 
not contained. 

Comparative Example 7 

[Preparation of poly(n-butyl acrylate) by continuous monomer feeding polymerization process by using ethylbis(2,6-di- 
, t-butyl-4-methylphenoxy)aluminum] 

[0120] In a similar manner to Example 6 except that the toluene solution of an organoaluminum compound was 
replaced by 230 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound [ethylbis(2,6-di-t- 
butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 3, the polymerization was con- 
ducted and then terminated. Just after the addition of n-butyl acrylate was started, the internal temperature showed an 
increase and during the polymerization, it increased to - 27°C at the maximum. 

[0121] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of the n-butyl acrylate was at least 98%. 

[0122] The sample was poured into methanol and the white precipitate so formed was collected and dissolved in tet- 
rahydrofuran. As a result of measurement by GPC of the resulting solution, it was found that the poly(n-butyl acrylate) 
thus obtained exhibited a single but wide peak, had a number-average molecular weight (Mn) of 53600 in terms of pol- 
ystyrene and had a molecular weight distribution (Mw/Mn) of 2.71. The GPC chart of the poly(n-butyl acrylate) so 
obtained is shown in FIG. 4. The GPC chart revealed that components having a low molecular weight as low as 10000 
or less was contained in an amount of about 3%. 

[01 23] From the comparison between the preparation example of the acrylic acid ester polymer in Example 6, accord- 
ing to the present invention, and that of the acrylic acid ester polymer in Comparative Example 7, differing from the 
present invention in the chemical structure of the organoaluminum compound employed, it becomes apparent that 
because of high living properties (which means a long life of the anionic active end of the living polymer in the reaction 
system), the polymerization reaction according to the present invention is suited to the continuous monomer feeding 
polymerization process. 

Example 7 

[Preparation of poly(n-butyl acrylate) by using isobutyfbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 

[01 24] In an eggplant-type flask having an internal volume of 1 00 ml and an internal atmosphere purged with nitrogen, 
18.5 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl- 
4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 1 was charged and cooled to -5°C. 
To the solution, 0.58 ml of a perrtane solution (1 .6 mol/l) of t-butyl lithium was added, followed by stirring for one hour, 
whereby an initiator-system solution was prepared. After 28 ml of dry toluene was charged in an ampoule tube having 
an internal volume of 100 ml and an internal atmosphere purged with nitrogen and was cooled to -78°C, 12.7 ml of the 
above-described initiator-system solution was added. To the resulting mixture, 6.9 ml of n-butyl acrylate was added, 
whereby polymerization was initiated. By the addition of n-butyl acrylate, the solution changed to a yellow transparent 
solution. After 1 7 hours, the polymerization was terminated by the addition of methanol. 

[0125] A portion of the resulting colorless transparent solution was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was 
observed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. The sample was poured into 
a large amount of methanol and the resulting precipitate [poly(n-butyl acrylate)] was collected. The poly(n-butyl acr- 
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ylate) so collected was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, it 
found that the poly(n-butyl acrylate) had a number-average molecular weight (Mn) of 39000 and molecular weiaht 
tribution (Mw/Mn) of 1.05. 



Example 8 



[Preparation of poly(n-butyl acrylate) by using isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum (including washina 
treatment)] 

[0126] In a Schlenk's tube having an internal volume of 100 ml and an internal atmosphere purged with nitrogen 16 
ml of dry toluene was charged, followed by cooling to -78°C. Then, 1.33 ml of a toluene solution (concentration 'o 5 
mol/l) of an organoaluminum compound (I) psobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar 
manner to Referential Example 1 was added. To the resulting mixture, 0.04 ml of a pentane solution (1 .6 mol/l) of t-butyl 
lithium was added. After stirring, 1 . 1 2 ml of n-butyl acrylate was added to initiate the polymerization. By the addition of 
n-butyl acrylate, the polymer solution changed to a yellow transparent solution. After 14 hours, methanol was added to 
terminate the polymerization. 

[0127] A portion of the resulting solution was sampled and dissolved in deuterated chloroform. As a result of 1 H-NMR 
measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer was observed, indicating 
that the polymerization ratio of the n-butyl acrylate was at least 98%. 

[01 28] The remaining portion of the solution after the termination of the polymerization was washed five times with 50 
ml portions of an aqueous solution containing 20 wt.% of citric acid and then three times with 50 ml portions of distilled 
water, whereby metal components (residues of the organolithium compound and organoaluminum compound) were 
removed. The residual organic phase was poured into a large amount of methanol and the precipitate so obtained was 
collected. The precipitate was found to be poly(n-butyl acrylate) substantially free from a metal component. The poly(n- 
butyl acrylate) was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, it was found 
to have a number average molecular weight (Mn) of 38000 and molecular weight distribution (Mw/Mn) of 1 .07. 

Example 9 

[Preparation of an MMA-nBA (crystalline) block copolymer] 
[0129] 



(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
dry toluene was charged and then cooled to -30°C. To the tube, 3.76 ml of a toluene solution (concentration: 0.5 
mol/l) of an organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a 
similar manner to Referential Example 1 was added, followed by the addition of 0. 1 2 ml of a pentane solution (con- 
centration: 1 .6 mol/l) of t-butyl lithium. After stirring, 2.0 ml of methyl methacrylate was added and polymerization 
was conducted for 18 hours. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform 
As a result of H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
ple was poured into a large amount of methanol and white precipitate (poly(methyl methacrylate)) so formed was 
collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solu- 
tion, poly(methyl methacrylate) thus obtained was found to have a number average molecular weight (Mn) of 13000 
in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.03. In addition, 1 H-NMR analysis of the 
poly(methyl methacrylate) revealed that it had a 83% content of syndiotactic triads (rr). 

(3) The remaining portion of the solution obtained in the above step (1) was cooled to -78°C immediately after the 
completion of the polymerization in the step (1). To the solution, 2.0 ml of n-butyl acrylate was added as a second 
monomer and polymerization was effected for about 16 hours. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
was observed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. 

(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and white precipitate 
so formed was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the 
resulting solution, rt was found that the resulting polymer exhibited a single peak, a number-average molecular 
weight (Mn) of 28000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.10. The above- 
described white precipitate was dissolved in deuterated chloroform. As a result of 1 H-NMR measurement of the 
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resulting solution, the resulting polymer was found to be a diblock copolymer having a methyl methacrylate polymer 
block and an n-butyl acrylate polymer block at a weight ratio of 51.8 : 48.2, which was substantially similar to the 
ratio of the charged monomers [methyl methacrylate : n-butyl acrylate = 51 .1 : 48.9 (weight ratio)]. In addition, as 
a result of the analysis of the diblock copolymer by 13 C-NMR| the portion of the n-butyl acrylate polymer block had 
a 56% content of syndiotactic triads (rr). 

(6) By the DSC measurement of the diblock copolymer obtained in the above step (5), an endothermic peak was 
confirmed at 51 °C while spherulites were confirmed by the observation through an optical microscope. The crystals 
were melted by heating to about 70°C. On the other hand, the poly(methyl methacrylate) obtained in the above step 
(2) was subjected to DSC measurement and observation through an optical microscope, however resulting in the 
confirmation of neither endothermic peak nor crystals. Based on the above results, the n-butyl acrylate polymer 
block portion of the diblock copolymer was found to have crystallizability. 

Example 10 

[Preparation of an MMA - nBA (amorphous) block copolymer] 
[0130] 

(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
dry toluene was charged and then cooled to -78°C. To the tube, 3.76 ml of a toluene solution (concentration: 0.5 
mol/l) of an organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a 
similar manner to Referential Example 1 was added, followed by the addition of 0.12 ml of a pentane solution (con- 
centration: 1 .6 mol/l) of t-butyl lithium. After stirring, 2.0 ml of methyl methacrylate was added and the resulting mix- 
ture was polymerized for 1 8 hours at a temperature elevated to and maintained at -30°C. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NM R measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
ple was poured into a large amount of methanol and the white precipitate [poly(methyl methacrylate)] so formed 
was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting 
solution, the resulting poly(methyl methacrylate) was found to have a number average molecular weight (Mn) of 
12000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.05. In addition, 1 H-NMR analysis 
of the poly(methyl methacrylate) has revealed that it had a 84% content of syndiotactic triads (rr). 

(3) The remaining portion of the solution obtained in the above step (1) was cooled to -78°C immediately after the 
completion of the polymerization in the step (1 ). To the solution, 2.0 ml of n-butyl acrylate was added as a second 
monomer and polymerization was effected for about 4 hours at a temperature elevated to and maintained at -30°C. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement^ the resulting solution, no peak derived from the n-butyl acrylate monomer 
was observed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. 

(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and white precipitate 
so formed was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the 
resulting solution, the resulting polymer was found to exhibit a single peak, have a number-average molecular 
weight (Mn) of 25000 in terms of polystyrene and have a molecular weight distribution (Mw/Mn) of 1 .09. The above- 
described white precipitate was dissolved in deuterated chloroform. As a result of 1 H-NMR measurement of the 
resulting solution, the resulting polymer was found to be a diblock copolymer having a methyl methacrylate polymer 
block and an n-butyl acrylate polymer block at a weight ratio of 51.6 : 48.4, which was substantially similar to the 
ratio of the charged monomers [methyl methacrylate : n-butyl acrylate = 51.1 : 48.9 (weight ratio)]. In addition, as 
a result of analysis of the diblock copolymer by 13 C-NMR, the n-butyl acrylate polymer block portion had a 39% 
content of syndiotactic triads (rr). 

(6) Concerning the diblock copolymer obtained in the above step (5), neither endothermic peak was confirmed by 
DSC nor formation of crystals was confirmed by the observation through an optical microscope. 

Example 1 1 

[Preparation of an MMA - nBA (amorphous) block copolymer] 
[0131] 

(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
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dry toluene was charged and then cooled to -78°C. To the tube, 1 1 .3 ml of a solution (concentration- 0 1 7 mol/1) of 
an organoaluminum compound (I) [tris(2,6-diphenylphenoxy)aluminum] prepared in a similar manner to Referential 
Example 6 was added, followed by the addition of 0.12 ml of a perrtane solution (concentration- 1 6 mol/1) of t-butyl 
lithium. After stirring, 2 ml of methyl methacrylate was added and the resulting mixture was polymerized for 18 
hours at a temperature elevated to and maintained at -30°C. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform 
' As a result of H-NM R measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
ple was poured into a large amount of methanol and white precipitate so obtained (poly(methyl methacrylate)) was 
collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solu- 
tion, the resulting poly(methyl methacrylate) was found to have a number average molecular weight (Mn) of 1 1 000 
in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.06. In addition, 1 H-NMR analysis of the 
poly(methyl methacrylate) has revealed that it had a 87% content of syndiotactic triads (rr). 

(3) The remaining portion of the solution obtained in the above step (1) was cooled to -78"C immediately after the 
completion of the polymerization in the step (1). To the solution, 2.0 ml of n-butyl acrylate was added as a second 
monomer and polymerization was effected for about 4 hours at a temperature elevated to and maintained at -30°C 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform' 
As a result of H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 

1 was observed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. 

(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and white precipitate 
so formed was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the 
resulting solution, the polymer obtained in the above step was found to exhibit a single peak, have a number-aver- 
age molecular weight (Mn) of 24000 in terms of polystyrene and have a molecular weight distribution (Mw/Mn) of 
1 .07. The above-described white precipitate was dissolved in deuterated chloroform. As a result of 1 H-NMR meas- 
urement of the resulting solution, the polymer was found to be a diblock copolymer having a methyl methacrylate 
polymer block and an n-butyl acrylate polymer block at a weight ratio of 51 .4 : 48.6, which was substantially similar 
to the ratio of the charged monomers [methyl methacrylate : n-butyl acrylate = 51.1 : 48.9 (weight ratio)] In addi- 
tion, as a result of analysis of the diblock copolymer by 13 C-NMR, the n-butyl acrylate polymer block portion had a 
38% content of syndiotactic triads (rr). 

(6) Concerning the diblock copolymer obtained in the above step (5), neither endothermic peak was confirmed by 
DSC nor formation of crystals was confirmed by the observation through an optical microscope. 

Example 12 



[Preparation of an nBA (amorphous) - MMA block copolymer] 
[0132] 



(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
dry toluene was charged and then cooled to -30°C. To the tube, 3.76 ml of a toluene solution (concentration- 0 5 
mol/l) of an organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a 
similar manner to Referential Example 1 was added, followed by the addition of 0. 1 2 ml of a pentane solution (con- 
centration: 1.6 mol/I) of t-butyl lithium. After stirring, 2.0 ml of n-butyl acrylate was added at a rate of 0.1 ml/min 
(time required for addition: 20 minutes) and then the resulting mixture was polymerized for 5 minutes. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
was observed, indicating that the polymerization ratio of n-butyl acrylate was at least 98%. The sampled solution 
was poured into a large amount of methanol and the precipitate so formed [poly(ri -butyl acrylate)] was collected 
The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, the 
resulting poly(n-butyl acrylate) was found to have a number average molecular weight (Mn) of 14000 in terms of 
polystyrene and a molecular weight distribution (Mw/Mn) of 1.12. In addition, 13 C-NMR analysis of the poly(n-butyl 
acrylate) has revealed that it had a 34% content of syndiotactic triads (rr). 

(3) The remaining portion of the solution obtained in the above step (1) was cooled to -78°C immediately after the 
completion of the polymerization in the step (1). To the solution, 2.0 ml of methyl methacrylate was added as a sec- 
ond monomer, followed by stirring at -78°C for about one hour. Polymerization was effected for 48 hours at a tem- 
perature elevated to and maintained at -20°C. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
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omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. 
(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and white precipitate 
so formed was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the 
resulting solution, the polymer obtained above was found to exhibit a single peak and have a number-average 

5 molecular weight (Mn) of 27000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1 .20. The 

above-described white precipitate was dissolved in deuterated chloroform. As a result of 1 H-NMR measurement of 
the resulting solution, the polymer was found to be a diblock copolymer having a methyl methacrylate polymer block 
and an n-butyl acrylate polymer block at a weight ratio of 51.6 : 48.4, which was substantially similar to the ratio of 
the charged monomers [methyl methacrylate : n-butyl acrylate = 51.1 : 48.9 (weight ratio)]. 

io (6) Concerning the diblock copolymer obtained in the above step (5), neither endothermic peak was confirmed by 
the measurement of DSC nor formation of crystals was confirmed by the observation through an optical micro- 
scope. 

Example 13 

15 

[Preparation of an MMA - nBA (amorphous) - MMA block copolymer] 
[0133] 

so (1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 15 ml of 
dry toluene was charged, followed by the addition of 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an 
organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum]. which had been prepared in 
a similar manner to Referential Example 1 , at room temperature (23°C). The resulting solution was cooling to - 
30°C. A pentane solution (0.12 ml, concentration: 1.6 mol/l) of t-butyl lithium was added and the resulting mixture 

25 was stirred. After 10 minutes, 1 .0 ml of methyl methacrylate was added in portions to initiate polymerization. After 
the completion of the addition, polymerization was conducted for 8 hours while maintaining the temperature at - 
30°C. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NM R measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 

30 omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
pled solution was poured into a large amount of methanol and the white precipitate so formed (poly(methyl 
methacrylate)) was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement 
of the resulting solution, the resulting poly(methyl methacrylate) was found to have a number average molecular 
weight (Mn) of 7000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.12. In addition, 1 H- 

35 NMR analysis of the poly(methyl methacrylate) has revealed that it had a 82% content of syndiotactic triads (rr). 

(3) Immediately after the completion of the polymerization in the step (1 ), 30 ml of dry toluene and a monomer mix- 
ture (second monomer) composed of 1 .0 ml of methyl methacrylate and 5.0 ml of n-butyl acrylate were added to 
the remaining portion of the solution obtained in the above step (1), while maintaining the temperature at -30°C. 
After the addition, polymerization was effected for 30 minutes while maintaining the same temperature. 

40 (4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
existed and only a peak derived from the methyl methacrylate monomer was confirmed. As a result, it was found 
that the polymerization ratio of the n-butyl acrylate was at least 98%, while the polymerization ratio of the methyl 
methacrylate added was 3% or less judging from the integral ratio of the peak derived from the methyl methacrylate 

45 monomer and the integral ratio of the peak derived from the methyl methacrylate polymer. 

(5) The polymerization of the remaining portion of the solution obtained in the step (3) was continued at -30°C for 
further 48 hours. 

(6) A portion of the solution obtained in the above step (5) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, neither a peak derived from the n-butyl acrylate mon- 

50 omer nor a peak derived from the methyl methacrylate monomer existed. As a result, it was found that the polym- 
erization ratio of each of the n-butyl acrylate and methyl methacrylate was at least 98%. 

The solution sampled was poured into methanol and white precipitate so formed was collected. A portion of 
the precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, the pol- 
ymer obtained above was found to have a number-average molecular weight (Mn) of 54000 in terms of polystyrene 

55 and a molecular weight distribution (Mw/Mn) of 1 .29. The remaining portion of the white precipitate was dissolved 
in deuterated chloroform and the resulting solution was subjected to 1 H-NMR measurement. From the results of 
1 H-NM R measurement and the above-described data, the polymer was found to be a triblock copolymer composed 
of methyl methacrylate polymer block - n-butyl acrylate polymer block - methyl methacrylate polymer block and con- 
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taining the methyl methacrylate polymer block and n-butyl acrylate polymer block at a weight ratio of 30 : 70. In 
addition, as a result of analysis of the triblock copolymer by 13 C-NMR, the n-butyl acrylate polymer block portion 
had a 33% content of syndiotactic triads (rr). 

(7) To the remaining portion of the solution obtained in the above step (5), 0.02 ml of methanol was added to ter- 
minate the polymerization. 

The resulting solution was washed five times with 50-ml portions of an aqueous solution containing citric acid 
in an amount of 20 wt.% and then three times with 50-ml portions of distilled water to remove the metal components 
(residues of the organolithium compound and organoaluminum compound). The remaining organic phase was 
poured into a large amount of methanol and white precipitate so formed was collected. The resulting precipitate 
was a triblock copolymer substantially free from metal components. 

(8) Concerning the triblock copolymer obtained in the above step (7), neither endothermic peak was confirmed by 
DSC nor formation of crystals was confirmed by the observation through an optical microscope. 

Example 14 

[Preparation of an MMA - nBA (crystalline) - MMA block copolymer] 
[0134] 

(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 5 ml of 
dry toluene was charged, followed by the addition of 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an 
organoaluminum compound (I) [isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum], which had been prepared in 
a similar manner to Referential Example 1 , at room temperature (23°C). After cooling to -30°C, 0.12 ml of a pentane 
solution (concentration: 1 .6 mol/l) of t-butyl lithium was added to the resulting solution, followed by stirring. After 1 0 
minutes, 1 ml of methyl methacrylate was added in portions to initiate polymerization. After the completion of the 
addition, polymerization was conducted for 6 hours while maintaining the temperature at -30°C. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
pled solution was poured into a large amount of methanol and the white precipitate so formed (poly(methyl 
methacrylate)) was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement 
of the resulting solution, the resulting poly(methyl methacrylate) was found to have a number average molecular 

. weight (Mn) of 7000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1.12. Moreover, 1 H- 
NMR analysis of the poly(methyl methacrylate) has revealed that it had an 82% content of syndiotactic triads (rr). 

(3) Immediately after the completion of the polymerization in the step (1), the remaining portion of the solution 
obtained in the above step (1) was cooled to -78°C, followed by the addition of 5.0 ml of n-butyl acrylate (second 
monomer) and 1 5 ml of dry toluene. After the completion of the addition, the resulting solution was stirred at -78°C 
for 30 min, and then the temperature elevated to -60°C, followed by the polymerization for 5 hours at the tempera- 
ture. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
existed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. 

The sampled solution was poured into methanol and the white precipitate so formed was collected. A portion 
of the white precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, 
the resulting polymer exhibited a single peak, had a number-average molecular weight (Mn) of 46000 in terms of 
polystyrene and a molecular weight distribution (Mw/Mn) of 1 .1 1 . The remaining portion of the white precipitate was 
dissolved in deuterated chloroform and the resulting solution was subjected to 1 H-NMR measurement. As a result, 
the resulting polymer was found to be a diblock copolymer composed of a methyl methacrylate polymer block and 
an n-butyl acrylate polymer block at a weight ratio of 16.8 : 83.2, which was substantially similar to the ratio of the 
charged monomers [methyl methacrylate : n-butyl acrylate = 17.3 : 82.7 (weight ratio)]. In addition, as a result of 
analysis of the diblock copolymerby 13 C-NMR, the n-butyl acrylate polymer block portion was found to have a 48% 
content of syndiotactic triads (rr). 

(5) After the completion of the polymerization in the above step (3), the remaining portion of the solution obtained 
in the step (3) was cooled to -78°C. followed by the addition of 1 .0 ml of methyl methacrylate (third monomer). After 
the solution was stirred at -78°C for about 30 min, a temperature elevated to -20°C and then polymerization was 
conducted for 10 hours while maintaining the temperature at -20°C. 

(6) A portion of the solution obtained in the above step (5) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
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omer existed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. 

The sampled solution was poured into methanol and white precipitate so formed was collected. A portion of 
the precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, the pol- 
ymer obtained in the step (5) was found to have a number-average molecular weight (Mn) of 55000 in terms of pol- 
ystyrene and molecular weight distribution (Mw/Mn) of 1.12. 

The remaining portion of the white precipitate was dissolved in deuterated chloroform and the resulting solution 
was subjected to 1 H-NMR measurement. As a result, the weight ratio of the methyl methacrylate polymer block : n- 
butyl acrylate polymer block of the polymer obtained in the step (5) was 28.9 : 71.1. which was substantially similar 
to the ratio of the charged monomers [methyl methacrylate : n-butyl acrylate = 29.5 : 70.5 (weight ratio)]. Judging 
from the ratio (28.9 : 71.1) determined here and the methyl methacrylate polymer block : n-butyl acrylate polymer 
block ratio (16.8 : 83.2) of the diblock copolymer obtained in the step (4). the polymer formed in the step (5) was 
found to be a triblock copolymer composed of methyl methacrylate polymer block : n-butyl acrylate polymer block : 
methyl methacrylate polymer block at a weight ratio of 15 : 71 : 14. 

(7) To the remaining portion of the solution obtained in the above step (5), 1 ml of methanol was added to terminate 
the polymerization. 

The resulting solution was washed five times with 50-ml portions of an aqueous solution containing citric acid . 
in an amount of 20 wt.% and then three times with 50-ml portions of distilled water to remove the metal components 
(residues of the organolithium compound and organoaluminum compound). The remaining organic phase was 
poured into a large amount of methanol and white precipitate so formed was collected. The resulting precipitate 
was a triblock copolymer substantially free from metal components. 

(8) As a result of DSC measurement of the triblock copolymer obtained in the step (7), an endothermic peak was 
confirmed at 43°C, while spherulites were confirmed by the observation through an optical microscope. Those 
crystals were melted by heating to about 60°C. On the other hand, neither endothermic peak nor crystals were con- 
firmed even by the DSC measurement and observation through an optical microscope of the poly(methyl methacr- 
ylate) obtained in the step (2). Accordingly, it was found that the triblock copolymer obtained in the above process 
had crystallizability at the n-butyl acrylate polymer block portion. 

Example 15 , 

[Preparation of an MMA - nBA (amosphous) block copolymer] 

[0135] 

(1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
dry toluene was charged. After cooling to -78°C, 3.76 ml of a solution (concentration: 0.5 mol/l) of an organoalumi- 
num compound (I) [n-octylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referen- 
tial Example 2 was added. To the resulting mixture, 0.1 2 ml of a pentane solution (concentration: 1 .6 mol/l) of t-butyl 
lithium was added, followed by stirring. To the reaction mixture, 2.0 ml of methyl methacrylate was added and 
polymerization was conducted for 18 hours at a temperature elevated to and maintained at -30°C. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer was observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sam- 
pled solution was poured into a large amount of methanol and the white precipitate so formed (poly(methyl 
methacrylate)) was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement 
of the resulting solution, the resulting poly(methyl methacrylate) was found to have a number average molecular 
weight (Mn) of 12000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1 .08. In addition, 1 H- - 
NMR analysis of the poly(methyl methacrylate) has revealed that it had a 85% content of syndiotactic triads (rr). 

(3) Immediately after the completion of the polymerization in the step (1), the remaining portion of the solution 
obtained in the above step (1) was cooled to -78°C, followed by the addition of 2.0 ml of n-butyl acrylate as a second 
monomer. Polymerization was then effected for 4 hours at a temperature elevated to and maintained at -30°C . 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
existed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. 

(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and the white precipitate 
so formed was collected. The white precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement 
of the resulting solution, the resulting polymer exhibited a single peak, had a number-average molecular weight 
(Mn) of 23000 in terms of polystyrene and molecular weight distribution (Mw/Mn) of 1 .07. In addition, the white pre- 
cipitate was dissolved in deuterated chloroform and the resulting solution was subjected to 1 H-NMR measurement. 
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As a result, the resulting polymer was found to be a diblock copolymer composed of a methyl methacrylate polymer 
block and an n-butyl acrylate polymer block at a weight ratio of 51.0 : 49.0, which was substantially similar to the 
ratio of the charged monomers [methyl methacrylate : n-butyl acrylate = 51.1 : 48.9 (weight ratio)]. Moreover, as a 
result of analysis of the diblock copolymer by 13 C-NMR, the n-butyl acrylate polymer block portion was found to 
s have a 35% content of syndiotactic triads (rr). 

(6) In the diblock copolymer obtained in the step (5), neither endothermic peak was confirmed by the DSC meas- 
urement nor formation of crystals was confirmed by observation through an optical microscope. 

Comparative Example 8 

w 

[Trial preparation of a block copolymer] 
[0136] 

is (1) In Schlenk's tube having an internal volume of 120 ml and an internal atmosphere purged with argon, 14 ml of 
dry toluene was charged. After cooling to -78°C, 3.76 ml of a toluene solution (concentration: 0.5 mol/1) of triisobuty- 
laluminum was added. To the resulting mixture, 0.12 ml of a pentane solution (concentration: 1.6 mol/l) of t-butyl 
lithium was added, followed by stirring. To the reaction mixture, 2.0 ml of methyl methacrylate was added, whereby 
polymerization was conducted for 48 hours. 

20 (2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from methyl methacrylate was 
observed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. The sampled solu- 
tion was poured into a large amount of methanol and the white precipitate so formed (poly(methyl methacrylate)) 
was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting 

25 solution, the resulting poly(methyl methacrylate) was found to have a number average molecular weight (Mn) of 
1 1 300 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1 . 1 9. Moreover, 1 H-NM R analysis of 
the poly(methyl methacrylate) has revealed that it had a 89% of syndiotactic triads (rr). 

(3) Immediately after the completion of the polymerization in the step (1), 2.0 ml of n-butyl acrylate was added, as 
a second monomer, to the remaining portion of the solution obtained in the above step (1) while maintaining the 

30 temperature at -78°C, whereby polymerization was effected for 24 hours. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate polymer 
was confirmed. It was found from the area ratio of the peak derived from an n-butyl acrylate monomer and the peak 
derived from the methyl methacrylate polymer, each obtained by the 1 H-NMR measurement, that the n-butyl acr- 

35 ylate was not polymerized. 

The sampled solution was poured into methanol and the white precipitate so formed was collected. The white 
precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, the polymer 
obtained in the above step (3) exhibited a single peak, had a number-average molecular weight (Mn) of 1 1200 in 
terms of polystyrene and molecular weight distribution (Mw/Mn) of 1 .1 8. The white precipitate was dissolved in deu- 

40 terated chloroform and the resulting solution was subjected to 1 H-NMR analysis. As a result, no peak derived from 
an n-butyl acrylate polymer was confirmed, indicating that the resulting polymer was a homopolymer of methyl 
methacrylate. 

[0137] It was found from the results of Comparative Example 8 that a block copolymer composed of a methyl meth- 
45 acrylate polymer block and an n-butyl acrylate polymer block is not available by the polymerization of methyl methacr- 
ylate and n-butyl acrylate in the presence of t-butyl lithium and triisobutylaluminum. 

Comparative Example 9 

so [Trial preparation of a block copolymer by using methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 
[0138] 

(1) In a similar manner to the step (1) of Example 12 except that the toluene solution of an organoaluminum com- 
55 pound was changed to 3.76 ml of a toluene solution (concentration: 0.5 mol/1) of an organoaluminum compound 

[methylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 5, 
polymerization of n-butyl acrylate was carried out. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
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As a result of 1 H-NMR measurement of the resulting solution, it was found that the polymerization ratio of the n- 
butyl acrylate was 56%. The sampled solution was poured into a large amount of methanol and the precipitate so 
formed [poly(n-butyl acrylate)] was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC 
measurement of the resulting solution, the poly(n-butyl acrylate) thus obtained was found to have a number aver- 
age molecular weight (Mn) of 1 1000 in terms of polystyrene and a molecular weight distribution (Mw/Mn) of 1 .46. 

(3) In a similar manner to the step (3) of Example 12 except for the use of the remaining portion of the solution 
obtained in the step (1 ), methyl methacrylate (second monomer) was polymerized. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, the polymerization ratio of the methyl methacrylate 
was found to be 3% or less. 

Comparative Example 10 

[Trial preparation of a block copolymer by using ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] 
[0139] 

(1) In a similar manner to the step (1) of Example 12 except that the toluene solution of an organoaluminum com- 
pound was changed to 3.76 ml of a toluene solution (concentration: 0.5 mol/l) of an organoaluminum compound 
[ethylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum] prepared in a similar manner to Referential Example 3, polym- 
erization of n-butyl acrylate was carried out. 

(2) A portion of the solution obtained in the above step (1) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the n-butyl acrylate monomer 
existed, indicating that the polymerization ratio of the n-butyl acrylate was at least 98%. The sampled solution was 
poured into a large amount of methanol and the precipitate so formed [poly(n-butyl acrylate)] was collected. The 
precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the resulting solution, the resulting 
poly(n-butyl acrylate) was found to have a number average molecular weight (Mn) of 1 5000 in terms of polystyrene 
and a molecular weight distribution (Mw/Mn) of 1.34. 

(3) In a similar manner to the step (3) of Example 12 except for the use of the remaining portion of the solution 
obtained in the step (1), methyl methacrylate (second monomer) was polymerized. 

(4) A portion of the solution obtained in the above step (3) was sampled and dissolved in deuterated chloroform. 
As a result of 1 H-NMR measurement of the resulting solution, no peak derived from the methyl methacrylate mon- 
omer existed, indicating that the polymerization ratio of the methyl methacrylate was at least 98%. 

(5) The remaining portion of the solution obtained in the step (3) was poured into methanol and the white precipitate 
so formed was collected. The precipitate was dissolved in tetrahydrofuran. As a result of GPC measurement of the 
resulting solution, it was found that the resulting polymer exhibited double peaks derived from the poly(n-butyl acr- 
ylate) component formed in the step (1) and a block copolymer component, and the block copolymer component 
portion had a number average molecular weight (Mn) of 59000 in terms of polystyrene and a molecular weight dis- 
tribution (Mw/Mn) of 1 .63. From the above finding, the number average molecular weight of the poly(methyl meth- 
acrylate) block formed in the second-stage polymerization in the step (3) was estimated at 44000 and the 
polymerization initiation efficiency (that is, block formation efficiency) of methyl methacrylate in the second stage to 
the poly(n-butyl acrylate) anions formed in the step (1 ) was calculated to be about 32%. 

Claims 

1. A process for the preparation of an acrylic acid ester polymer, which comprises polymerizing an acrylic acid ester 
in the presence of an organolithium compound and an organoaluminum compound represented by the following 
formula: 

AIR 1 R 2 R 3 (I) 

wherein R 1 represents a substituted or unsubstituted alkyl group having at least 3 carbon atoms, a substituted or 
unsubstituted alkoxy group having at least 3 carbon atoms or a substituted or unsubstituted aryloxy group, R 2 and 
R 3 each independently represents a substituted or unsubstituted aryloxy group or may be coupled together to form 
a substituted or unsubstituted arylenedioxy group. 

2. A process according to claim 1 , wherein in the formula (I), R 1 represents a branched C 3 . 12 alkyl group. 
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3. A process according to claim 1 , wherein in the formula (I), R 1 represents a linear C4.12 alkyl group. 

4. A process according to claim 1 , 2 or 3, wherein the organoaluminum compound is at least one compound selected 
from the group consisting of isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum, isobutylbis(2,6-di-t-butylphe- 
noxyjaluminum, isobutyl[2,2'-methylenebis(4-methyl-6-t-bUylphenoxy)]aluminum, n-octylbis(2,6-di-t-butyl-4-meth- 
ylphenoxy)aluminum, n-octylbis(2,6-di-t-butylphenoxy)aluminum, n-octyl[2,2'-methylenebis(4-methyl-6-t- 
butylphenoxy)]aluminum, tris(2,6-di-t-butyl-4-methylphenoxy)aluminum and tris(2,6-diphenylphenoxy)aluminum. 

5. A process according to one or more of claims 1 to 4. wherein the acrylic acid ester is a primary alkyl acrylate. 

6. A process according to one or more of claims 1 to 5, wherein the polymerization is initiated by bringing the organo- 
lithium compound in contact with the organoaluminum compound and then with the acrylic acid ester or by bringing 
the organolithium compound in contact with a portion of the organoaluminum compound and then with a mixture 
comprising the acrylic acid ester and the remaining portion of the organoaluminum compound. 

7. A process according to one or more of claims 1 to 6, wherein the polymerization reaction is conducted while feeding 
the acrylic acid ester to the polymerization system. 

8. A process according to one or more of claims 1 to 7, wherein the acrylic acid ester in an amount smaller than the 
stoichiometric amount is polymerized to form a living polymer thereof and, after calculating an amount of the acrylic 
acid ester to be added based on the molecular weight and the number of moles of the living polymer and the molec- 
ular weight of the final target polymer, said additional amount of the acrylic acid ester is polymerized with said living 
polymer. 

9. A process according to one or more of claims 1 to 8, wherein after the completion of the polymerization, metal com- 
ponents contained in the acrylic acid ester polymer are removed by washing the acrylic acid ester polymer with an 
aqueous acidic solution. 

1 0. A process for the preparation of a block copolymer having at least one polymer block (A) comprising an acrylic acid 
ester (a) and at least one polymer block (B) comprising another acrylic or methacrylic monomer (b) having a chem- 
ical structure different from said acrylic acid ester (a), which comprises polymerizing said acrylic acid ester (a) and 
said monomer (b) in the presence of an organolithium compound and an organoaluminum compound represented 
by the following formula: 

AIR 1 R 2 R 3 (I) 

wherein R 1 represents a substituted or unsubstituted alkyl group having at least 3 carbon atoms, a substituted or 
unsubstituted alkoxy group having at least 3 carbon atoms or a substituted or unsubstituted aryloxy group, R 2 and 
R 3 each independently represents a substituted or unsubstituted aryloxy group or may be coupled together to form 
a substituted or unsubstituted arylenedioxy group. 

11. A process according to claim 10, wherein in the formula (I), R 1 represents a branched C 3 . 12 alkyl group. 

12. A process according to claim 10, wherein in the formula (I), R 1 represents a linear alkyl group. 

1 3. A process according to claim 1 0, 11 or 1 2, wherein the acrylic acid ester (a) and the monomer (b) are added to the 
polymerization system successively and/or simultaneously. 

14. A process according to one or more of claim 10 to 13, wherein the polymerization is initiated by bringing the orga- 
nolithium compound in contact with the organoaluminum compound and then with the acrylic acid ester (a) and/or 
the monomer (b); or by bringing the organolithium compound in contact with a portion of the organoaluminum com- 
pound and then with a mixture comprising the acrylic acid ester (a) and/or the monomer (b) and the remaining por- 
tion of the organoaluminum compound. 

1 5. A process according to one or more of claims 1 0 to 1 4, wherein the acrylic acid ester (a) is a primary alkyl acrylate. 

16. A process according to one or more of claims 10 to 15, wherein the organoaluminum compound is at least one 
compound selected from the group consisting of isobutylbis(2,6-di-t-butyl-4-methylphenoxy)aluminum, isobutyl- 
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bis(2,6-di-t-butylphenoxy)aluminum, isobutyl[2,2'-methylenebis(4-methyl-6-t-buty1phenoxy)]aluminum, n-octyl- 
bis(2,6-<Ji-t-butyl-4-methylphenoxy)aluminum, n-octylbis(2,6-di-t-butylphenoxy)aluminum, n-octyl[2,2'- 
methylenebis(4-methyl-6-l-butylphenoxy)]aluminum, tris(2,6-di-t-butyl-4-methylphenoxy)aluminum and tris(2,6- 
diphenylphenoxy)aluminum. 

17. A process according to one or more of claims 10 to 16, wherein after the completion of the polymerization, metal 
components contained in the block copolymer are removed by washing the block copolymer with an aqueous acidic 
solution. 

18. A block copolymer, which comprises at least one polymer block (A) comprising an acrylic acid ester (a) and at least 
one polymer block (B) comprising another acrylic or methacrylic monomer (b) having a chemical structure different 
from said acrylic acid ester (a) and exhibits an endothermic peak during heating in differential scanning calorimetry. 

1 9. A block copolymer according to claim 1 8, comprising at least one of said polymer block (A) and at least two of said 
polymer blocks (B). 

20. A block copolymer, which comprises at least one polymer block (A) comprising an acrylic acid ester (a) and at least 
one polymer block (B) comprising another acrylic or methacrylic monomer (b) having a chemical structure different 
from said acrylic acid ester (a), said polymer block (A) having stereoregularity of 35% or greater jn terms of a con- 
tent of syndiotactic triads (rr). ' ' 

21 . A block copolymer according to claim 20, comprising at least one of said polymer block (A) and at least two of said 
polymer blocks (B). 
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Abstract (Basic) : EP 945470 Al 

NOVELTY - A process for the preparation of an acrylic acid ester 
polymer, comprises polymerizing an acrylic acid ester in the presence 
of an organolithium compound and an organoaluminum compound. 

DETAILED DESCRIPTION - A process for the preparation of an acrylic 
acid ester polymer comprises polymerizing an acrylic acid ester in the 
presence of an organolithium compound and an organoaluminum compound of 
formula A1R1R2R3 (I) ; 

Rl=(un)substd alkyl group having at least 3C, (un) substd alkoxy 
group having at least 3C or (un) substd aryloxy group; 

R2 and R3=(un) substd aryloxy group or may be coupled together to 
form a (un) substd arylenedioxy group. 

INDEPENDENT CLAIMS are also included for the following: 

(1) a process for the preparation of a block copolymer having at 
least one polymer block (A) comprising an acrylic acid ester (a) and at 
least one polymer block (B) comprising another (meth)acrylic monomer 
(b) having a chemical structure different from the acrylic acid ester 
(a) , which comprises polymerizing the acrylic acid ester (a) and the 
monomer (b) in the presence of the organolithium and orgaoaluminum 
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Stereoselective ring-closure of d-citronellal to 1-isopulegol s 
effected by reacting d-citronellal with Zn halide in a solvent Solvent 
is e g satd. or unsatd. opt. halogenated hydrocarbon. Zn halide is 
e g ZnC12, ZnBr2 or ZnI2. The reaction temp, is e.g. 0-50 degrees C. 
High purity 095%) prod, is obtd. In an example, a dispersion of 



ZnC12 in benzene was added to a soln. of d-citronellal in benzene at 10 
degrees C. Removal of the solvent, after stirring, yielded 1-isopulegol 
with b Dt 58-59 degrees C. /5 mmHg of purity >90%. 
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